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because it gives you... 
LOWER Pumping Costs 
LOWER Maintenance Costs 
LONGER Pump Life 
INCREASED Production 
HIGHER Efficiency 


When you buy quality, Wilfley quality, 
you buy superior performance. 

You start saving money the moment a / 
Wilfley Sand Pump goes into action. ; 
Let Wilfley solve your pumping problem. 


Write, wire or phone. Pum, 
“Companions in Economical Operation” 
Acid 
SAND PUMPS Individual Engineering on Every Application 


DENVER, COLORADO, U.S.A. NEW YORK OFFICE: 122 EAST 42ND STREET, NY¥.CITY. 17 


(Se 
« 
‘ 
A. R. WILFLEY SONS, INC 
4 


a 


EDITORIAL STAFF 


Editorial Director: 
Rixford A. Beals 


Associate Editor: Donald Tone 


Assistant Editors: M. E. Sherman, 
H. Nielsen 


Production Editor: M. Snedeker 


Eastern Advertising Manager: 
Thomas G. Orme 
29 W. 39th St., New York 


Mid-Western Advertising Manager: 
Bob Wilson 
Millard Ave., Fox River Grove, Ill. 


Western Advertising Representatives: 
McDonald-Thompson 
625 Market St. 
San Francisco 5, Calif. 


Production Manager: Grace Pugsley 
Asst. Prod. Manager: W. J. Sewing 


SOCIETY OF MINING ENGINEERS 


President: Elmer A. Jones 


President-Elect: Stanley D. Michaelson 
Past-President: Will Mitchell, Jr. 


Regional Vice Presidents: G. D. Emigh, 
J. D. Forrester, J. B. Morrow 


Treasurer: R. B. Ladoo 
Secretary: John Cameron Fox 


Editorial Board: H. C. Weed (Chair- 
man), D. W. Scott, J. W. Woomer, 
R. B. Ladoo, J. C. Fox, R. A. Beals, 
and the Advertising Director. 


General Editorial Committee: D. W. 
Scott (Chairman), Brower Dellinger, 
R. C. Stephenson, R. H. Ramsey, R. T. 
Gallagher, R. A. Beals. 


Advertising Committee: J. W. Woomer 
(Chairman), R. A. Beals, W. L. 
Wearly, two members-at-large, Adver- 
tising Director. 


Trensactions Editorial Committee: 
H. C. Weed (Chairman), D. R. Irving, 
C. D. Smith, S. F. Ravitz, S. P. Wimp- 
fen, R. A. Beals. 


The AIME also publishes Journal of 
Metals and Journal of Petroleum 
Technology 


Published monthly by the American Institute of 
Mining, Metallurgical, and Petroleum Engineers, 
29 West 39th St. New York 18, N. Y. Telephone 
PEnnsylvanio 6-9220. Subscription $8 per year for 
non-AIME members in the U S.. G North, South, G 
Central America; $10 foreign; $6 for AIME members, 
or $4 additional in combination with a subscription to 
“Journal of Metals” or “Journal of Petroleum Tech- 
nology” Single copies, $.75; single copies foreign, 
$1.00; special issues, $1.50. The AIME is not re- 
sponsible for any statement made or opinion ex- 
pressed in its publications. Copyright 1957 by the 
Americon institute of Mining, Metallurgical, ond 
Petroleum Engineers, Inc Registered cable address, 
AIME, New York. Indexed in Engineering index, 
Industria! Arts Index, and by The Nationa! Research 
Bureau. Second class mail privileges authorized at 
New York, N Y., and additional entry established 
at Manchester, N H Number of copies of this issue 


15,300. 


VOL. 9 NO. 12 
COVER 


Gold and green are traditionally December colors. The staff of MINING ENGINEERING 
asked cover artist Herb McClure to help them wish the members of the Society of 
Mining Engineers Merry Christmas and a Happy New Year. 


DECEMBER 1957 


News of Your Society 

J. W. Woomer 1958 SME President-Elect 1377 

Jackling Award to A. H. Shoemaker 1377 

Annual Meeting Program Details 1377 

SME Program Chairmen for 1958 1378 
ARTICLES 


Manitoba Pushes Ahead on New Major Nickel Source —_—H. Nielsen 1321 
Conveyor Operation in Michigan Wilderness F. B. Speaker 1324 


Symposium: Planning a Coal Preparation Plant 
H. B. Charmbury and J. W. Leonard 1326 


Intelligent Taxation Aids Canada’s Mineral Development 1336 
Industrial Engineering to Reduce Coal Mining Cost W.L. Zeller 1338 
Current Technology of the Georgia Marble Industry 

N. Severinghous, Jr. 1341 
TRANSACTIONS 


Continuous Miner Offers Higher Production S. Krickovie 1345 


Radioactive Tracer Technique for Studying Grinding Ball Wear 
M. Pobereskin, N. M. Ewbank, Jr., G. D. Calkins, and J. E. Campbell 1356 


Grinding Magnetic Taconite in Rod Mills 
E. M. Furness and A. S. Henderson 1359 


New Approach to Coal Cleaning Efficiency G. G. Sarkar 1361 


Correlation of Contact Angles, Adsorption Density, Zeta 
Potentials, and Flotation Rate D. W. Fuerstenou 1365 


Agglomeration Flotation of Manganese Ore E. H. Gates 1368 
Comminution Exposure Constant by the Third Theory F.C. Bond 1372 


FEATURES 


Personnel 1292 Books 1390 
Manufacturers News 1295 Around the Sections 1392 
Reporter 1301 Personals 1395 
Mining News 1305 Professional Services 1401 
Trends 1310 Coming Events 1404 
Miner's News 1377 Advertisers Index 1404 


UET Shows Architects’ Sketch of New Engineering United Center 1317 


DECEMBER 1957, MINING ENGINEERING—1289 


SY engineering 

| 


CONVENTIONAL 
DRUM HOISTS 


Typical of the large hoisting 
machinery built by 
is this conventional 12’. diam- 
eter by 84” face double drum 
ore hoist which serves a promi- 
nent iron producer. This hoist 
is d for a depth of 2800 
feet, using 10-ton skips and 
g 14 ong, pod of ore at 
a rope “goed of 2000 feet per 
minute. 
Nordberg hoists are available 
for manual, -button semi- 
—- or fully automatic con- 


“can you select the best best hoist : 
tation second to none, and can furnish 
conventional and-friction type hoists. 
- _ This wide experience is at the call of mine. 


FRICTION TYPE 
HOISTS 


Where applicable, the hoisting 
of ore, men or materials can be 
economically handled with 
Nordberg Friction Hoists .. . 
built for either counterweighted 
skip or skips-in-balance opera- 
tion. Manual, push-button semi- 
automatic, or fully automatic 
control available. Outstanding 
features of the Nordberg design 
include: One-piece welded steel 
drum; anti-friction roller bear- 
ings throughout; pressure ap- 
plied — ressure released hy- 
es with emergency 
gravity application. 
Illustrated is a 4-rope hoist 
designed for semi- 
automatic, multi-level operation, 
to handle men and material. 


NORDBERG MFG. CO. 
Milwaukee 1, Wis. 
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A NEW *: Kind of Bottom Dump! 


NEW ATHEY-CAT PW20-DW20 


The latest in the earthmoving field! It’s the new Athey 
PW20 Bottom Dump Trailer and it’s loaded with new 
design features. Constructed of high-strength ‘‘T-1”’ steel, 


New design features for faster, 
lower cost material handling. 


“T-1" Steel Construction — PW20 40-ton 
payload capacity is nearly 4 times trailer 
weight. No excess weight, lower operating 
costs, less maintenance. 


High Clearance Rear Design — Up to 5 


ft. rear clearance —_ up dumping cycles, 
prevents tie-ups at the dump. 


3-Door Dumping — Load empties through 
wide bottom doors and rear door. Material 
dumps instantly, or can be windrowed under 
positive hydraulic-actuated control. 


Low Loading Height — An average height 
of only 8’ 9'/2” cuts down shovel ing time, 
gives you more yards per hour, more loads 
per day. 


Powered by Cat DW20 — World-proved Cat 
DW20 Tractor powers this new team. High 
speeds, low maintenance, maneuverability — 
are a few of the DW20's many features. 


Steep Side Slope — 18° side plate angles 
help speed dumping, give less “funneling™ 
action to material. 


THE Comelele LINE... the 


the PW20 is trimmed of excess weight, capable of 
handling 40-ton payloads at less cost. The capacity of 
the PW20 is nearly 4 times the trailer weight. 

An exclusive high arch axle and 3-door design elimi- 
nate resistance of the dumped material. The load is 
dumped through three doors: two extra wide bottom 
doors and a rear door. The unit rolls easily away from 
the dumped load, withovt tire spinning, cutting time 
from your dumping cycles. 

Combined with the Cat DW20 Tractor, the new 
PW20 offers you unequalled material handling perform- 
ance — big-capacity payloads, high-speed hauling, easy 
loading, instantaneous dumping, high production and 
low maintenance. 

There are many more reasons for putting the PW20 
to work. Get the story from your Athey-Cat dealer, or 
write for new PW20 booklet. Athey Products Corpora- 
tion, 5631 West 65th Street, Chicago 38, Illinois. 
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PERSONNEL 


T HE following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies. 
Local offices of the Personnel Service are at 
8 W. 40th St., New York 18; 100 Farnsworth 
Ave., Detroit; 57 Post St., San Francisco; 84 
E. Randolph St., Chicago 1. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli- 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 0 
year. 


EXPLORATION GEOLOGISTS 
MINE AND MILL FOREMEN 


Applications are invited by well- 
established Philippine mining organ- 
ization for staff positions as explora- 
tion geologists, mine and mill fore- 
men. Must be capable of accepting 
responsibility and be willing to work 
industriously and conscientiously. 

Qualifications for Exploration Geolo- 
gist: Graduate of university or school 
of mines with degree in geology, at 
least ten years experience in min- 
eral exploration and mining geology, 
with well established organizations. 
Thoroughly familiar with minerals, 
mapping methods and application of 
aerial photography. Duties will involve 
field work throughout the Philippines 
for gold and base metals. Single 
status applicants preferred. 

Qualifications for Mine Foremen: 
Graduate of university or school of 
mines with at least ten years under- 
ground or open-pit experience, at 
least five years of which has been in 
supervisory capacity. 

Quolitications for Mill Foremen: 
Graduate of university or school of 
mines with at least 10 years cyanide 
mill experience of which five years has 
been in supervisory capacity. 

Substantial commencirg salary, good 
opportunity for advancement, excellent 
living conditions and excellent school- 
ing for children. Standard three-year 
contract with transportation to and 
from Philippines for employee and 
family paid. 

Applicants must furnish technical 
qualifications and experience, together 
with references as to character and 
experience with applications, which 
should be addressed to: 


BOX 14-ME AIME 
29 West 39th St., New York 18. 


— MEN AVAILABLE — 

Mining Engineer-Management and 
Operation, B.Sc. in mining. Twenty 
years experience south African gold 
mines—60,000 tpm, 180,000 tpm. 
Thoroughly experienced mine ad- 
ministration; labor negotiations; 
mining procedure; and equipment, 
exploration, and development. Good 
organizer. Age 43, married, consi- 
der any location. U. S. citizen, pres- 
ently located abroad. M-371. 


Manager or Mining Consultant, 
A.B. in geology, E.M., age 56. Thirty 
years experience U. S., Canada, 
South America, South Africa, South- 
east Asia. Exploration, examination, 
evaluation, development, operation, 
and management metal mines; pri- 
vate and government consultant 
work, foreign mineral resources sur- 
veys. Knowledge Spanish and 
French. Location desired: domestic, 
preferably southwest, or foreign. 
M-372. 

Consulting Mining Engineer, B. S., 
age 73. From 1907 to 1957 included 
supervision of mining and metallur- 
gical operations for deposits of gold, 
copper, lead, zinc, sulfur, manganese. 
Location desired, New York. M-373. 


SCRAP TUNGSTEN CARBIDE 
ROCK BIT INSERTS 
are regularly purchased by Macro Tung- 
sten Refinery. For our quotation F.O.B. 


shipping point, write P.O. Drawer 440, 
Port Coquitiom, B.C., Canada. 


LIQUIDATION 


The American Smelting & Re- 
fining Co. Mills in the Joplin, 
Mo. area. 


All machinery, equipment and 
supplies offered at bargain 
prices. 


Flotation equipment, crushers, 
ball mills, Trommel screens, 
Buchart tables, bucket elevator 
conveyors, drags, Pomona 
Pumps, air compressors, elec- 
tric motors, transformers, etc. 


Offering complete mills or sin- 
gle units. Machinery in operat- 
ing condition. On standby basis 
when we purchased! 


Catalogue mailed on request. 


BROWN-STRAUSS CORPORATION 
1546 Guinotte 
Tel. HA 1-1000 
Kansas City 20, Mo. 


& Mitt EQUIPMENT Corp. 
P.O. Box 538 
Joplin, Mo. 


Petroleum, Geological or Indus- 
trial Engineer, B.S. in business ad- 
ministration 1953, B. S. in geological 
engineering, 1956, age 27, married. 
One and a half years experience 
bauxite exploration program, esti- 
mated tonnages, secured options and 
supervised surveying and drilling of 
bauxite properties. Also negotiated 
purchase agreements. Plant engi- 
neering work done. Desire engineer- 
ing options or industrial work. Pre- 
fer southern California, Florida, or 
Gulf Coast. M-374. 

Mine Superintendent, B.S. in 
mining engineering, age 38. Good ex- 
perience urcerground and open pit, 
large and small operations. Excel- 
lent labor relations. Want respon- 
sible position in United States. M-375. 

Sales Representative, B.S., age 68. 
Sales engineering in the Midwest, 
six years; in the East with headquar- 
ters in New York, operating in states 
of New York, New Jersey, Maryland, 
and Delaware. Prefer to locate in the 
East. M-376. 


— POSITIONS OPEN — 


Geophysicist-Mining, B.S. or M.S., 
to 45, preferably four to five years 
solid geophysical experience in lay- 
ing out work, interpreting results, 
and calculating for metals geophysi- 
cal purposes in large prescribed 

(Continued on page 1394) 


MANUFACTURING MAN 

CARBIDE BITS 
Must be thoroughly familiar with man- 
ufacture of carbide rock drill bits to 
head new department for well estab- 
lished company. 
Attractive opportunity for the right 
man. Reply to 

Box 15-ME AIME 
29 West 39th St. New 


ENGINEERS 


To work in an expanding research 
division. Men with advanced degrees 
preferred—for fundamental work in 
chemical and mineral engineering 
processes. For further details write to: 


M. C. Rohm, Employment Secti 
Allis-Chalmers Mfg. Company 
Milwaukee 1, Wisconsin 


MINERAL FLOTATION 
APPLICATIONS RESEARCH 


B.S. or M.S. Mineral or Metallurgical i- 
neers with flotation background needed 

projects involving the investigation of new 
and existing reagents in flotation proc- 
esses. Will carry projects into pilot plant 
and also conduct field service work. If you 
prefer broad responsibility in your work, 
these positions will interest you. Please 
outline your personal background, educa- 
tion, experience, and income requirements. 
All inquiries will be held in confidence. 


Personne! Department 
ARMOUR CHEMICAL DIVISION 
1355 West 31st St. 
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m™ 40-R and 50-R Drills Prove Superior 
m™ In Taconite and Other Hard Ore Bodies 


Bucyrus-Erie rotaries are offering welcome 
relief to the problem of steadily mounting pro- 
duction costs. Applied in taconite and a va- 
riety of other extremely hard formations, they 
soon increase the rate of penetration so greatly 
that one Bucyrus-Erie rotary is able to replace 
several cable tool rigs. 


4 Using compressed air to cool the bit and to 

} clean the hole of cuttings, the 40-R and 50-R 

: offer several advantages. By removing the 
need for water—a problem during cold weather 
—they eliminate auxiliary equipment, cut 
maintenance and labor costs. Heavy cuttings 
pile up adjacent to the drill, providing handy, 
excellent stemming material. Dry sampling of 
the hole can be accomplished easily and more 
accurately. 


These and other features provide the fine 
performance that promises even greater econo- 
mies in the future. Two rotaries are available 
—the 40-R for drilling 6%- to 9-in. holes, the 
50-R for drilling 9%- to 12%-in. holes. Get all 


the facts on these drills today. saas7c 


AT STEEP ROCK LAKE — cost records for this 40-R, 


working 140 miles west of Port Arthur in Ontario's Rainy 
River district, show that the machine cut drilling costs per 
foot of hole by more than 50 per cent. The 40-R drilled 9-in. 
holes to the same average depth drilled previously by 
cable tool rigs. 


BUCYRUS-ERIE COMPANY 


South Milwaukee, Wisconsin’ 


= 


AT A WESTERN IRON MINE 


—Some of the toughest rock drilled by 
a 50-R was encountered here. On this 
assignment the 50-R shown here drilling 
$%-in. holes, put down over three times 
a@s much footage per shift as each of the 
four cable tool drills it replaced. 


ON THE MESABI RANGE 


— Bucyrus-Erie 50-R rotaries are now drill- 
ing blast holes through taconite formations. 
A S0-R at one mine reduced costs as much 
as 34 per cent, and achieved a rate of 
peneration four times as great as the pene- 
tration rate of standard cable tool rigs, 


IN LABRADOR — Drilling both 9-in. and 


$%-in. holes, this Bucyrus-Erie 50-R was used 
to put down hole through material consisting 
of up to 63% iron and 2%% to 12% silica, 
with overburden made up of non-formation 
and dolomites. The overall performance of 
this 50-R was so favorable that the. company 
later ordered five more. 
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NEW! THE BULLDOZER 


‘DOZER AND RIPPER IN ONE 


The brand-new Caterpillar No. 7G Bulldozer is 
a completely different type of bulldozer. The amaz- 
ing tilt-tip action, and its four heat-treated cast 
steel teeth, are an entirely new concept in ‘dozing. 
The Gyrodozer is both a ’dozer and a ripper. 


YOU'LL GET HIGHER PRODUCTION 


The Gyrodozer rips through hard or frozen ma- 
terials. Its 23’ teeth not only pry out boulders but 
pick ’em up and carry ’em away. In rocky soil, 
the wedging action of the teeth surfaces small 
rocks for scooping up by the 10’ 10” blade. On 
the really tough jobs, the tractor’s full horse- 
power can be put behind a single tooth. The 
Gyrodozer is ideal for uprooting trees and clearing 
a.) area in a hurry. 


Teeth slice through hard materials ! 


EASY TO OPERATE 


A Cat No. 25 Cable Control raises and lowers 
the ’dozer and a front-mounted No. 44 double-valve 
Hydraulic Control tips and tilts the blade. The 
operator never needs to leave his seat to make a 
blade adjustment. 


GET FULL DETAILS 


on the revolutionary new Gyrodozer from your 
Caterpillar Dealer. 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A, 


Tractor Co. 


— 
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Blade tilts 3’ to either side! apo 

Blade tips through a arc! he Teeth easily removed ! 

‘ 
Teeth pick up and carry! | Handles easily! p48) 
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Improved Cat Tools 

Boralloy sprockets are now stan- 
dard equipment on D8 and D9 trac- 
tors by Caterpillar Tractor Co. Depth 
of hardness of this boron steel gives 
components long working life. Circle 
No. 1. A new side dumping bucket 
attachment for the Cat No. 933 (Se- 
ries E) Traxcavator allows in-line 


loading, eliminating the need for 
constant turning in order to dig and 
load. Circle No. 2. Caterpillar’s new 
No. 7G bulldozer, or Gyrodozer, com- 
bines functions of ripping and mov- 
ing in one operation by use of four 
penetrating teeth mounted on blade’s 
cutting edge. Circle No. 3. Extra 
sturdiness is the feature of the new 
Cat No. 955 and 977 (Series E) Trax- 
cavators which are intended for 
quarry or other rugged duty. Circle 
No. 4. 


Electronic Measure 


Texas Instruments Inc. announces 
an electronic system to measure liq- 
uid levels in any of 100 remotely lo- 
cated storage tanks. Major compo- 
nents of the Data-Gage are a re- 
ceiver console, field selector unit, 
and liquid level gage embodying 
float of new design. Direct wire, 
telephone, carrier, or microwave 
circuit may be used. Circle No. 5. 


Jaw Crusher 


For cool runs and long bearing 
life, the new type H jaw crusher by 
Denver Eqpt. Co. uses anti-friction 
bearings mounted for self-alignment 
in a side carrier. Bumper can be re- 
moved without exposing bearings to 
dust and dirt. Crusher jaw plates 
are reversible. Sizes: 5x6 in., 8x10 
in., 10x16 in., and 10x20 in. Circle 
No. 6. 


*Manutacturérs 


News 


Continuous Cable Clamp 


Sauerman Bros. offers a new fit- 
ting which provides a quick way of 
attaching a load to a continuous ca- 
ble. Wedge clamp, wedge, and cable 
clip are combined to make a unit 
which may be used for such work 
as car pulling, barge moving, rig- 
ging. Circle No. 7. 


Noise Protection 

Cellular urethane foam pads in 
this headgear permit the wearer to 
hear ordinary conversation, but pro- 
tect the ears from extreme noises 
encountered in such operations as 
rock drilling. Noise is reduced from 
15 to 50 db, depending upon frequen- 
cy. Adjustable protector may be 
worn with glasses and is available 
with earphones. Assembly is distri- 
buted by American Optical Co. Cir- 
cle No. 8. 
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Portable Magazine 

A Model 800 explosives magazine 
by Austin Powder Co. can be hauled 
by light truck or tractor to a work 
site for simpler blast hole loading. 
Capacity is 8000 to 10,000 lb. Port- 
able unit has five large doors, two 
on each side and one at rear. Con- 
struction is of welded steel; sides 
and top are wood lined, floor is 
covered with masonite. Circle No. 9. 


Tournapulls 


Buyers of LeTourneau-Westing- 
house “B” Tournapulls have a choice 
of transmissions, a torque converter 
or conventional manual shift. The 
new torque converter version is 
available with any of the standard 
“B” size interchangeable trailing 
tools, including the 27-yd Fullpak 
scraper, 35-ton rear dump, or 30-ton 
mobile crane. Circle No. 10. 


Equipment 
_ Catalogs 


Circular Concentrator 

A new concentrator designed es- 
pecially for low grade ores employs 
48 concentrating segments in a cir- 


+ 


- 


cular pattern. Unit, says Cannon 
Concentrator Co., gives high re- 
covery from large tonnages at min- 
imum operating cost. Wear points 
are protected by molded rubber and 
rubber pads. Circle No. 11. 


Weighing Conveyed Ore 
Con-O-Weigh system offers accu- 
rate weight measurement of belt- 
conveyed materials at low cost. 
Three main parts—weigh section, 
load cell, and recording-totalizing 
equipment—permit direct tph read- 
ings. Pneumatic transmission is used, 
eliminating temperature corrections. 


% 


Simple pressure regulation compen- 
sates for belt weight. Load change 
response is fast says Industrial Phys- 
ics & Electronics Co. Circle No. 12. 


Three Centrifuges 

Sharples Corp. centrifuges to be 
introduced include P-7000 for pres- 
sure operation handling 200 to 250- 
gpm slurry feed with solids dis- 
charge up to 10 tph; DH-6 Nozljector 
for 300 gpm or more at pressures up 
to 50 psi; and P-3000 with longer 
bowl and 4000-rpm speed for greater 
throughput and improved clarity. 
Circle No. 13. 
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Syntron Screening Feeder sizing coal, 
feeding oversize to picking table, 
bypasses fines to hopper below 


SYNTRON 


VIBRATING 


SCREENING FEEDERS 


Feed as they Screen, Screen as they Feed 


Syntron Screening Feeders perform two basic operations simultaneously— 
a highly efficient sizing operation and an instantly controllable feeding oper- 
ation. 

Their high-frequency vibration (3600 per minute) and small amplitude pro- 
vides a positive screening action, utilizing the entire screening area for 
effective, low cost sizing, dewatering, and dedusting. 

Syntron Screening Feeders are powered by an electromagnetic drive—no 
moving parts—no lubrication. This means long dependable service with 
little maintenance. 

Syntron Screening Feeders stand up under constant use and impact of mate- 
rials because of their heavy design and construction. 

Available with removable screening surfaces—screen of various types de- 
pending upon application. 

There is a Syntron Screen for every screening problem. 


Builders of Quality Equipment for more than a Quarter-Century 


POWER CONVERSION 
UNITS 


GASOLINE HAMMER 
ROCK DRILLS 


SHAFT 
SEALS 


x 


b Write for complete catalog data — FREE 4 


#3 SYNTRON COMPANY 


54 Lexington Ave. 


Homer City, Penna. 
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Centrifugal Pumps 

Nagle Pumps Inc. announces its 
new H series of single stage, end 
suction, centrifugal pumps. Water 
end may be rotated for discharge in 
any one of four directions. Three 
types cover all applications and are 
offered in sizes from 1 to 10 in., for 
heads up to 250 ft, in capacities to 
4000 gpm. Circle No. 14. 


Rotadrill 


The diesel-powered, truck-mounted 
Rotadrill announced by Schramm 
Inc. makes holes faster, reducing 
fuel consumption as much as 70 pct 


compared with units using a com- 
pressor driven by the truck’s gaso- 
line engine. Hydraulic drive drills 
holes to 700 ft with 4%-in. OD pipe 
and to 1500 ft with 2 %-in. OD pipe. 
Maximum down pressure is 25,000 lb 
and maximum lifting pressure 19,000 
lb. Circle No. 15. 


News & Notes 


Ogden Corp. announces purchase of 
Eimco Corp. and American Foundry 
& Machine Co., both of Salt Lake 
City. Eimco manufactures overhead 
loading and excavating equipment 
as well as filtration equipment for 
mining, chemical, and water treat- 
ment processes. Most of American 
Foundry & Machine’s production of 
gray iron and steel castings is used 
by Eimco. . . Dresser Industries Inc., 
a major manufacturer of oil, gas, and 
chemical industry equipment, has 
purchased Gardner-Denver Co. of 
Quincy, Ill. Gardner-Denver, which 
makes compressors, pumps, rock 
drills, and air tools, will be combined 
with four present Dresser subsid- 
iaries to form a new subsidiary 
known as Gardner-Dresser Co. 


| 
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(21) MULTI-WALL BAGS: A bro- 
chure offered by the Reynolds Metals 
Co. points out that 30 empty multi- 
wall aluminum foil bags, with filled 
capacity of 30,000 lb, can be stored 
in the space now occupied by one 
drum with only 400 lb capacity. 


(22) MAINTENANCE GUIDE: A 
new D7, D8 and D9 tractor mainte- 
nance guide has been prepared by 
Caterpillar Tractor Co. The 24-page 
booklet has more than 75 color draw- 
ings of helpful hints for obtaining 
optimum service life from Cater- 
pillar-built equipment. The guide, 
which stresses proper operator care, 
is available in English, French, Ger- 
man, Spanish and Portuguese. 


(23) TECHNICAL PAPER: Ameri- 
can Cyanamid Co. has announced 
the availability of a technical paper 
which describes refinements that 
have beeu made in the current meth- 
od of measuring water resistance of 
dynamite. The paper, originally pub- 
lished in the French journal “Me- 
morial des Pondres”, may be ob- 
tained in French or English trans- 
lations. 


(24) CHROMATOGRAPHIC ANAL- 
YSIS: Burrell Corp. has announced 
a complete line of adsorbents for 
gas and vapor-phase chromatogra- 
phy, including a comprehensive se- 
lection of ready-to-use partitioning 
agents and properly sized, solid ad- 
sorbents. In addition, the Burrell 
laboratory offers printed guides and 
individual advice for the selection 
of the proper adsorbent for any 
analysis. Advice on experimentation 
procedures will be given if a for- 
mula is not yet known. 


(25) COMPANY CATALOG: Lake 
Shore Inc. has issued a complete 
new illustrated mining catalog. The 
16-page brochure features descrip- 
tions of the Lohed car, improvements 
on their Jeto bottom-dump skip, the 
new modified Jeto for smaller ca- 
pacity operations and the new roll- 
over car. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(26) GUARTEC: The benefits, basic 
application techniques, and recom- 
mended procedures for using Guar- 
tec in ore concentration are outlined 
in a 16-page booklet now offered by 
General Mills Inc. The two-color, 
brochure, illustrated with drawings, 
diagrams and photographs, features 
among other information the appli- 
cation of Guartec as an auxiliary 
reagent, settling agent and filtration 
aid. 


(27) CLASSIFIER-CONCENTRA- 
TOR: Literature is now available on 
the T&R classifier-concentrator by 
Bush Engineering & Mfg. Co. The 
T&R unit features a new method for 
the separation of mineral particles 
by specific gravity. The classifier- 
concentrator renders the following 
services: concentration, classifica- 
tion, upgrading, desliming, 

mineral recovery. The process of 
separation employs vibration, spe- 
cific gravity, and a reverse riffle 
which physically creates a suction 
to pull the mineral out of the fric- 
tion deck surface of the tray. 


(28) DISTRIBUTION PANEL- 
BOARDS: A line of convertible 
circuit-breaker distribution panel- 
boards, designed for control and pro- 
tection of branch circuits and as 
feeders to lighting panelboards, mo- 
tors and miscellaneous power loads, 
is the subject of a 4-page bulletin 
from General Electric Co. 


(29) PNEUMATIC GRAPPLE: The 
Joy JPG-200 pneumatic grapple for 
shaft mucking is discussed in Bul- 
letin 4-59-B, available from the Joy 
Mfg. Co. Details and some schematic 
drawings are given on the operation 
and application of the grapple, which 
is adaptable to most types of shafts, 
including inclined, multiple com- 
partment, and blind or offset. Among 
operational features are: safe opera- 
tion push button control at muck 
pile, and positive digging action that 
assures a full load on every pass. 


(30) COMPACT COMPRESSOR: 
Complete specifications are available 
from Gardner-Denver Co. on the new 
compact model WBN high capac- 
ity compressor unit. This 200-hp, two- 
stage packaged unit occupies only 
34 sq ft of space. WBN is available 
with a tube type intercooler or with 
a self-contained radiator intercooler 
which saves on cooling water. No 
special base is required for the unit. 


(31) SEPARATORS: A _ 24-page 
booklet with diagrams covering 14 
Sweco separator models is now of- 
fered by Southwestern Engineering 
Co. The brochure describes with 
cross section drawings and photos, 
the operation and applications of 
Sweco separators. Maximum inter- 
changeability is featured in both the 
48-in. and the 18-in. basic assemblies. 
Both basic models may be quickly 
converted to all practical screening 
combinations by adding spacing 
frames of required size and equip- 
ping them with proper screen cloths. 
Also featured is triple gyratory mo- 
tion which may be changed to im- 
part calm, medium, or extreme tur- 
bulence to material. 
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(32) FLOTATION STORY: “An In- 
fant To A Giant”, is the story of the 
flotation process from the Denver 
Eqpt. Co. The 4-page bulletin dis- 
cusses flotation reagents, selective 
flotation, flotation machines and 
uses, and future of the flotation 
process. Photos are included with 
the story. 


(33) COMMUNICATIONS: Bulletin 
1601-9 published by Mine Safety 
Appliances Co. is a 6-page folder de- 
scribing and illustrating two-way 
loudspeaker equipment for the min- 
ing industry. Featured equipment 
includes speakers, speaker assem- 
blies, amplifiers, microphones, tele- 
phone handsets, cables, and junc- 
tion boxes which can be applied to 
either single or multiple channel 
operation. Information on a dual 
channel system is also included. 


(34) STEAM HOSE: High pressure, 
high temperature service is the fea- 
ture of the wire braided Gibraltar 
steam hose offered by Hamilton 
Rubber Mfg. Corp. It is recom- 
mended for saturated steam pres- 
sures up to 200 psi or for handling 
superheated steam at temperatures 
up to 385°F. Two braided plies of 
high tensile reinforcing wire guard 
against hose rupture or bursting 
during operation. The steam hose is 
available in sizes from %-in. ID to 
2%-in. ID and weighs from 62 to 
230 lb per 100 ft. 


(35) SUPER STRENGTH: Charac- 
teristics of and uses for super- 
strength structural steels possessing 
minimum yield strengths from 55,- 
000 to 150,000 psi is the subject of a 
new booklet by Climax Molybde- 
num Co. This 20-page brochure re- 
views 15 different grades of steel pro- 
duced by seven different companies 
and contains technical information 
and numerous tables describing the 
composition, mechanical properties, 
heat treatment, machinability, and 
end uses of these relatively new 
materials. 


(36) DRILL-LESS EXPLORATION: 
The Model MD-1 refraction seismo- 
graph offered by Geophysical Spe- 
cialties Co. will determine: depth to 
bedrock, presence or absence of bed- 
rock or solid material at depths up 
to 50 ft, and identify subsurface ma- 
terials without drilling. Features in- 
clude miniature size, direct reading, 
and simple operation. Weight of the 
entire equipment is 16 Ib, less the 
sledgehammer source. 


(37) NEW TRUCK: LW-30, a light- 
weight, off-highway truck is fea- 
tured in 20-page Brochure TH-113- 


157 offered by LeTourneau-West- 
inghouse Co., complete with de- 
tailed photographs and illustrations. 
Quicker loading, faster hauling, 
instantaneous dumping, air cush- 
ion ride and power steering are 
some of the design features. 


(38) DRILLING PLATFORMS: “Mo- 
bile and Fixed Platforms for Waters 
Up to 600 Feet” by R. G. Le Tour- 
neau Inc. is the title of a new paper 
discussing basic and technical re- 
quirements of platforms capable of 
deep water range drilling. Covered 
are such problems as multiple wells 
from a single mobile platform, con- 
version of a mobile exploratory plat- 
form to a fixed platform for devel- 
opment operations, probable costs 
of units designed for waters up to 
300 ft., spud penetration and footing 
for various soils, equipment obso- 
lescence, and other platform factors 
pertinent to opening new areas. 
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(39) DUST DISTRIBUTOR: The 
M-S-A Bantam 400 rock dust dis- 
tributor is now available with a self- 
propelling device, described and il- 
lustrated in Bulletin 1201-5 offered 
by Mine Safety Appliances Co. Unit 
has a single lever drive control and 
tram speed of 1% mph with a deck 
load capacity of 800 lb. Designed 
for one-man operation, the self-pro- 
pelling device is available for adapt- 
ing to any Bantam 400 rock dust 
distributor now in service. 


(40) ELECTRICAL INSULATION: 
A unique 8-page reference chart de- 
scribing electrical insulation mate- 
rials in the A, B and H classes is 
offered by Electro-Technical Prod- 
ucts Div. of Sun Chemical Corp. 
Over 30 different types of insula- 
tion materials are fully described. 
The illustrated reference chart is 
handy to file or place at work area. 


(41) POWER SHOVELS: Manitowoc 
Engineering Corp. announces a 16- 
page booklet detailing their Model 
3000 series of 2-yd shovels, drag- 
lines, and 40 to 50-tom cranes. In 
addition to giving full specifications 
of these units, the bulletin outlines 
the many exclusive engineering fea- 
tures said to give the Model 3000 
more power and versatility with less 
maintenance downtime than any 
other shovel, dragline, or crane in 
its class. 


(42) ELECTRIC BRAKE: A com- 
plete illustrated story on a new 
electric brake designed for failure- 
safe applications has been pub- 
lished by the Warner Electric Brake 
& Clutch Co. This authoritative 36- 
page report for design engineers in- 
cludes photos, drawings, diagrams, 
and complete explanation of opera- 
tion, selection factors, torque char- 
acteristics, controls. 


(43) SHAFT SINKER: The SDR 
self-leveling shaft sinker of the Le 
Roi Div., Westinghouse Air Brake 
Co., is described and illustrated in 
on-the-job use in a 4-page bulletin, 
AT-125B. Pages are devoted to case 
history ure of the sinker, which is 
available with two, four, or six 
booms, in a choice of two feeds, and a 
selection of six drills. Both booms 
and feeds are activated by air mo- 
tors. Illustrations show how the 
shaft sinker can be lowered from 
topside to drilling position. 


(44) VIBRATING SCREEN: Bulle- 
tin 757 from Stephens-Adamson 
Mfg. Co. contains eight pages of 
comprehensive technical informa- 
tion and illustrations on No. 300 
Normal Duty and No. 400 Heavy 
Duty vibrating screens, their appli- 
cations, specifications, and a detailed 
theory of screening practice. The 
brochure should be of special inter- 
est to bulk material handlers en- 
gaged in screening, scalping and 
washing crushed stone, gravel, ore, 
coal and other bulk materials. 


Ow | 


oF, 
to thé wealth of the 
wéstern heprisphere 
ue Notas no DAVES ODDe 
United States and threeAn South Ameri 
will goon be adding ovgr 2000 tons of cop- 
per/per day to the wealth of the western 
established producefs, some are new mills 
and others are expanding operations’. . . 
7il will be in full production in the r 
future. 


In a six of the 
chosen)}for operati 
leane? Ctreuits . . 
Anow from expe 


mills AGITALR pas 
in both rougherand | 
selected by men who 
ence that AGITATR® 


selacti 


vity and récovery. 


Unpaxalleled p ance in flotatio 


tion and syhplicity of maintenance are the 
\ Yeatures that keep AGITAIR‘out in the 


orr¢spondence invited. Details gladly \ 
supphied to Small or laxge operations in 


U UW DOWE U J 


an beneficiation ind 


GALIGHER 


CONSULTATION ORE TESTING * PLANT DESIGN 


HOME OFFICE: 545-585 W. 8th South 
P. ©. Box 209 
Salt Lake City 10, Utah 


EASTERN OFFICE: 921 Bergen Ave. 
{Room 1128) 
Jersey City 6, New Jersey 


GALIGHER PRODUCTS: AGITAIR® Flotation Machine, VACSEAL Pump, Geary-Jennings Sampler, Acid-proof Sump Pump, Geary Reagent Feeder, . 
Loboratory AGITAIR® Flotation Machine, Laboratory Pressure Filter, Laboratory Ball Mill, Rubber Lined and Covered Products, Plastic Fabrication. 
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cite Mine and Smelter has specialized in the 
_ design, manufacture and application of 
| Marcy Mills since 1915. The extensive 
research and experience during this time 
has resulted in many refinements in the 
grinding process. One of the most signif- 
icant developments is 2-stage grinding. 


Experience has proved 
two successful ways of using 
Marcy Open End Rod Mills for 
2-stage grinding... 


Oo By addition of a grinding 
stage 
Adding Marcy Open End Rod Mills between 
existing crushing and grinding circuits... 
@ Permits lorger size crusher discharge, thus greatly in- 
creases crushing capacity 


@ Rod mill con take 1” feed and produce a higher per- 
centage of finished product.than crusher 


®@ Rod mill provides finer feed for ball mills, increasing 
their capacity 


© Permits recovery of liberated mineral at coarser size 


(2) By replacing fine crushing 


Replacing fine crushing with Marcy Open End 
Rod Mills gives all the advantages listed under 
No. 1, in addition to eliminating the high oper- 
ating and maintenance costs of complex circuits 
of crushers, rolls, screens, elevators, etc. 


DENVER NEW YORK 


...t0 increase tonnage at lower cost with 
2-STAGE GRINDING 


FOR ACTUAL OPERATING DATA ON 2-STAGE GRINDING WRITE, WIRE OR CALL... 


NO EXTRA CHARGE FOR 


MOONE SUPPLY CO. 


SALES AGENTS AND LICENSED MANUFACTURERS THROUGHOUT THE WORLD 


Operating experience has proved that 
use of Marcy Open End Rod Mills for 
2-stage grinding will increase tonnage 
at lower overall cost per ton. 


This graph shows increase in mill capacity with decrease in 
size of feed. For example if a rod mill was used to de- 
crease ball mill feed from 1” to 4 mesh the ball mill 
capacity would be increased 45%. 


This large copper company installed a 9''x 12’ Marcy 
Open End Rod Mill in parallel with its 2-stage roll-screen 
circuit. As a result of this test 17 Marcy Rod Mills were in- 
stalled to replace all roll-screen circuits. Rod Mill feed is 
1%” herd ore; grind is to 4% + 10 mesh; tonnage up to 
2700 tons per day, each mill. They reduced costs and 
improved operating conditions. 


MA 


SALT LAKE CITY El PASO 
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NOW... DRILL 9” HOLES WITH THE NEW 


JOY HEAVYWEIGHT CHAMPION 


This world-famous pioneer rotary-air-blast-drill has ddopted many of the features 
of its big brother, the Super-Heavyweight, to give you these advantages: 


MORE STABLE DRILL STRING through use of round pipe . .. BETTER AIR 
CIRCULATION and cuttings removal . . . FASTER DRILLING—faster retraction 
of hydraulic feed averages total of only 3 minutes on a 51’ hole . .. EXTENDED 
55’ MAST permits drilling 50’ hole without adding pipe ... BETTER MOBILITY 
—hydraulically raised and lowered mast is left assembled during long moves... 
9” HOLE allows wider hole spacing, economical use of large diameter powder. 


This all adds up to new records in low cost per ton of rock. Get the whole story 
on the 58-BHR. Write to Joy Manufacturing Company, Oliver Building, Pittsburgh 
22, Pa. In Canada: Joy Manufacturing Company (Canada) Limited, Galt, Ontario. 


Write for Bulletin 168-7 
| ... EQUIPMENT FOR MINING... QUARRYING... CONSTRUCTION 


PORTABLE AND SEMI-PORTABLE AIR COMPRESSORS * ROCK DRILLS * WAGON DRILLS + DRILL BITS * BACKFILL TAMPERS * SPADERS 
PAVING BREAKERS + SHEETING DRIVERS + DRIFTERS * PORTABLE HOISTS + FANS AND BLOWERS + PORTABLE SAFETY LIGHTING 
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Highly maneuverable, the self-propelled Ingersoll- heavy-duty air compressors. In only minutes it moves 


Rand Quarrymaster is powered by two 415 cfm 


from one hole to the next on air-operated tracks. 


Nickel alloy steels help Quarrymaster 
drill blast holes that speed-up output 


Operators of this open pit mine in upper New York 
State save time, sink fewer blast holes, and yet 
substantially step-up ore output of the property. 


The Quarrymaster puts down large diameter 
holes thus making it possible to drill them much 
farther apart, center-to-center, and still secure 
equal or better fragmentation than conventional 
drills which put down a closer pattern of smaller 
holes. 

Heat-treated nickel alloy steels help the Quarry- 
master drill up to a 6” hole at a rate of 10 or more 
feet per hour in the hardest rock... 

And in relatively soft rock it sinks holes at rates 
up to 80 feet per hour. The heart of this Quarry- 
master is an air-operated piston drill, employing 


hard, tough nickel alloy steels for vital parts. 

Take its nickel alloy steel piston, for example. 
This part withstands continuous brutal battering 
by a tremendous load of more than 200 heavy blows 
per minute. 

Rifle bar and other components, likewise are 
made of nickel steels to withstand correspondingly 
tough operating conditions. 

Where use means abuse .. . as in the Quarry- 
master . .. you can improve specific properties in 
many metals by alloying with nickel alone or in 
combination with other alloying elements. Send us 
details of your metal problems... we'll be glad to 
help you with suggestions for your specific applica- 
tions. 


THE INTERNATIONAL NICKEL COMPANY, INC, 
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Aluminum—Borneo Progress, Cans Go to Market 


Aluminium Ltd.’s partly owned Sematan Bauxite Ltd. will start ship- 
ping ore from deposits in western Sarawak on Borneo sometime dur- 
ing 1958, producing an expected 175,000 tons of bauxite annually. De- 
posits mapped out so far show promise of totalling 2.5 million tons. . 
Reynolds Metals Co. hopes its new Down Under subsidiary, Reynolds 
Pacific Mines Ltd., will obtain enough raw materials to create an 
integrated Australian aluminum industry. . . . Another metal outlet, 
aluminum cans, is being tried by Continental Can Co., which will try 
to sell the still costly containers through prestige and appearance 
appeal. 


U. S. Taking San Manuel Output 


A contract with the Defense Materials Procurement Agency permits 
Magma Copper’s subsidiary, San Manuel Copper Corp., to sell its 
copper to the U. S. at a guaranteed price of 24¢ per lb, plus escalation 
for increased costs of production. Government devised the plan to 
encourage new producers. San Manuel sold 2500 tons in the third 
quarter at 27.05¢ per ib and will continue at that price unless the 
market takes an upward turn. 


Volume of UO. Purchases to Remain Steady 


In an agency stand laid to generally tighter budgeting, Jesse Johnson, 
AEC raw materials head, recently said it is no longer in the interest of 
the Government to expand production of uranium concentrates. On 
the other hand, U. S. buying is also not expected to decrease from 
the present level of 10,000 tons a year—atomic fuels activity should 
continue to encourage exploration and development. 


Stockpile Advisory Committee Formed 


Gordon Gray, defense mobilization director, has announced forma- 
tion of a special committee, which will do independent study to help 
determine the adequacy of present policies and programs in stock- 
piling. A preliminary report may be ready in January. 


Custom Copper Smelters Note Sales Climb 


Though fabricators report their sales remain at steady low levels, 
custom copper smelters point to improved demand at the recent 25%¢ 
quotation. Big domestic producers continue to hold to their 27¢ stand. 


lron—Wisconsin Success, New Chilean Deposit 


Tests on an Ashland County, Wis., property held by Ashland Mining 
Corp. of Detroit, have turned up a new iron deposit estimated at some 
250 million tons. Developments may lead to a pelletizing plant, which 
would produce 1.5 million tons a year. Soonest possible start-up date 
would be during 1960. . . . Estimates put reserves at more than 100 
million tons in a new iron deposit in Chile. Location is the coastal range 
of Nahuelbuta, south of Concepcion. 
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units for ore beneficiation 


The Erie Mining Co. pelletizing process is now 
available to industry through Surface Combus- 
tion Corporation. Rights for the process were 
secured by Surface as a climax to 12 years of 
cooperative development with Erie. Surface is 
already completing major pelletizing units in 
Minnesota and Canada. 

Over a million tons of pellets have been pro- 
duced in proving the Erie process for agglom- 
eration of ore concentrate: 


It integrates readily with any over-all bene- 
ficiation project, and its initial cost is low com- 
pared with other agglomeration methods. 


Its fuel consumption is unusually low. Un- 
equalled heat recuperation is achieved in the 
Surface-designed shaft furnaces used in the 
process. 


Operation is simple and almost completely 
automatic. Maintenance and repair are also 
simple because there are few moving parts. The 
shaft type furnace is distinctive for its simplicity. 


It is suitable for operation on a wide variety 
of ores. 


Pelletizing is a relatively small part of ore 
beneficiation, but it is a crucial step which re- 
quires ingenious application of heat and mech- 
anization. This makes it a natural field of 
specialization for Surface, which has devoted 
over half a century to improving the use of heat 
and mechanization in the metal producing and 
processing industries. 


Surface engineered pelletizing units starting 
with the filtered concentrates are available to or- 
ganizations faced with agglomeration problems. 


Surface Combustion Corporation, 2403 Dorr 
Street, Toledo 1, Ohio. 


tah 


wherever heat is used in industry 
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GYRATORY 


CRUSHER | 


Hydroset Mechanism 


® Facilitates Emergency Unloading 

Allows Rapid Change of Setting 
= © Compensates for Wear 

| | 

=" Flip of a 

Switch 


| 


NLY an Allis-Chalmers gyratory crusher affords 
the time-saving convenience of Hydroset con- 
trol. If a Superior crusher with built-in Hydroset 
mechanism stops under load, the mainshaft may 
be lowered at the flip of a switch to facilitate clear- 
ing the chamber. Only under extreme conditions is 
any amount of “digging-out” necessary. In some 
cases the Superior crusher may even be started under 

wssass load, because the Hydroset feature reduces 

torque requirements. 


Compensating for wear and retaining ini- 
tial setting or changing setting is also a one- 
man, one-minute operation. Product size 
always remains uniform. 

Hydroset feature (hydraulic operation) can give 
you many other profit-building advantages. Get all 
the facts. See your nearby A-C representative or 
write Allis-Chalmers, Industrial Equipment Divi- 
sion, Milwaukee 1, Wis. Ask for Bulletin 07B7870. 


Superior and Hydroset are Allis-Chalmers trademarks. 


ALLIS-CHALMERS 


Hammermills Vibrating Screens Jaw Crushers Gyratory Crushers Grinding Mills Kilns, Coolers, Dryers 
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low levels, said Roy H. Glover, board 
chairman of the Anaconda Co., at 
ceremonies dedicating Chile’s new 
Africana mine near Santiago, “It is 
our belief that the adjustment period 
is coming to a close and that we 
will again, very shortly, return to 
the situation where sufficient pro- 


Kennecott’s Glover 
Sees Change Imminent 
In Copper Market 


Since inventories of copper in 
consumer’s hands are at extreme 


Despite mechanization some small mines still find hand sorting a necessary part of 
their operations. This iron ore processor, Oresco Inc., near Alton, Mo., works 54 to 
58 pct ore but must remove by hand its proportionately high content of rock and flint. 
Red clay is washed away by hosing. 


MINING 


engineering 


NEWS 


duction and not sufficient demand is 
the problem.” This should be fol- 
lowed by climbing copper prices, he 
said, “which most certainly are jus- 
tified and needed in this expanding 
world.” 

Recalling his previous statement 
that 33.1 pct of U. S. copper produc- 
tion had costs of 25¢ per lb and 
higher, and 22.6 pct had costs of 29¢ 
per lb and higher, he said these costs 
have increased still further. “Ob- 
viously, the present trend of lower 
prices would eventually eliminate 
these properties from production,” 
he said, “and yet on the basis of the 
actual amounts of copper consumed 
during the past 12 months, this high 
cost production is indispensable for 
the simple reason that, even with 
that production, there has been used 
very substantially more copper than 
has been produced in that period 
of time.” 


Joint Firm to Mine 


Australian Uranium 


Stanleigh Uranium Mining Corp. 
Ltd. and Australasian Oil Explora- 
tion Ltd. have agreed to form a new 
company, tentatively called Austand 
Uranium Mining Corp. Ltd. which 
will work an Australian uranium 
property known as the Anderson 
Lode. An indicated 300,000 tons has 


(Continued on page 1312) 


LOW WATER EL. 719. 0° 


two clamshell bucket hoists. 


U. S. Steel Co.’s contizwous barge unloader shown above can empty a 900-ton coal barge in less than half an hour. In use ot 
the Clairton Works near Pittsburgh, the scoop consists of three lines of bathtub-size buckets which draw up coal as the barge 
passes below. Each of the 141 buckets has ¥2-ton capacity. Built by Link-Belt Co., the push-button operated unit has replaced 
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Three Ingersoll-Rand JR-38B Jack- 
drills with 1%” Carset Jackbits, drill- 
ing through hard sandstone in the 8’ 
diameter Oswego Water Tunnel. 
Thirty holes were drilled for each 
round, and two rounds were drilled, 
blasted and mucked per shift. 


CARSET JACKBITS «a.er.2e 500 FEET 
in Hard Sandstone on the OSWEGO TUNNEL JOB 


Simplified schematic diagram of the Oswego Water Tunnel 
project. Drilling started with the 135 ft. access shaft and 
water riser. The upper 33% ft. is square, the remainder 
being circular, 12 ft. in diameter. The 6,250 ft. tunnel, 8 ft. 
in diameter, was driven on a 0.25% up grade, to a point 
more than a mile out under the lake, ending 42 ft. below 
the lake bottom under a 56 ft. depth of water. A riser was 
driven upwards to within a few feet of the lake bed and 
the rock plug blasted free after which a strainer and inlet 
structure were set in place over the riser, a sump below 
tunnel line catching the muck. A 75 ft. tunnel 30’-0” below 
ground level carries water from the riser to the pumping 
station. Roof bolts were set in the main tunnel as a safety 
measure. 


XTENDING more than a mile out under 

the waters of Lake Ontario, the Oswego 
Water Tunnel brings an abundance of off- 
shore fresh water to the city of Oswego, 
N.Y. 


Driven by Herbert F. Darling, General 
Contractor, Williamsville, N.Y. this 6,250 
ft. long tunnel, 8 ft. diameter, was drilled 
with Ingersoll-Rand JR-38B Jackdrills and 
1%” Carset Jackbits. By sharpening the bits 
with machine precision on an I-R Jackbit 
Grinder and maintaining correct cutting 
angles bit footages were boosted from 300 to 
500 feet. Rock was hard gray sandstone. 


On-the-job performance like this — com- 
paring feet of hole per dollar of bit cost — is 
the only true test of rock bit economy. Meas- 
ure Carset Jackbits by this yardstick on any 
job, in any kind of rock. Compare them with 
any other bit you’ve ever used. The results 
will speak for themselves. 


Ingersoll-Rand 


11 Broadway, New York 4, N. Y. 
COMPRESSORS + AIR TOOLS 


ROCK DRILLS TURBO BLOWERS + CONDENSERS PUMPS «+ DIESELS 
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MINE FILL 

FROM TAILINGS 
WITH 
KREBS CYCLONES 


At the Banner Mining Company's 
copper operation near Tucson, Arizona, 

a sand fill drains sufficiently to drill 

from in 4 hours and ore is blasted down 
on the fresh pour the next shift. The fill 
comes from 2 Krebs Cyciones that produce 
close to an 80% yield from tailings. 
Although these tailings are fine and 
density high, the fill has an excellent 
percolation rate and set. In mining 
areas where water is plentiful, 

dilution is substituted for pressure and 
larger models of Krebs Cyclones 

are being used with ideal set and 
percolation rates. 


2 MODEL D1I0B KREBS CYCLONES 
Feed Overflow Underflow 


PSI 25 

GPM 338 276 62 
% Solids 29.0 9.0 74.0 
TPH 30.4 6.5 23.9 


SIZING 

% + 100 49 6.2 
+ 150 10.2 13.0 
200 12.7 16.2 
+325 25.2 32.2 


— 33 32.4 


Send for brochure with photos and 
performance data on widely diversified 
applications of Krebs Cyclones. 


Please fill out and mail 


Bulletin 
830 


COMPANY 


ADDRESS 


CciTy 


STATE 


EQUIPMENT 
41 SUTTER STREET 


Manufacturers of Krebs Cyclones, Valves and Clarkson Feeders 


ENGINEERS INC. 
SAN FRANCISCO 4, CALIFORNIA 
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At this season of the year 
we pause to thank cur 
many loyal friends whose 
confidence in our equipment 
has made our continual 


growth possible. 


CHAIRMAN OF THE BOARD ad 


ey 


NGINEERING TWO PARK AVENUE, NEW YORK 16, NW. Y. 


FACTORY, DANVILLE, PA. 
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SCIENCE PRESTIGE 


TV CLIMAX STEEL BOOST 


OWHERE in the items to follow will mention be 

found of certain foreign bodies said to be float- 
ing somewhere in outer space, but what is reported 
below broaches that touchy subject in a not too 
roundabout way. 

Scientists (and engineers) in the U. S. are a fairly 
little-known group. A good number of our citizens 
would have little trouble identifying members of the 
All-American football squad, or the latest romantic 
affiliation of any of a hundred Hollywood movie 
faces, but how many could rattle off the names of the 
latest Nobel Prize winners in physics and chemistry? 
By itself this means nothing, but as an indication of 
general attitude it may mean a great deal. 

Even though a U. S. researcher may make brilliant 
advances in his field, announcement of his achieve- 
ments is, in most cases, relegated to an obscure arti- 
cle in a technical journal. It is true that many such 
men are perfectly content in their anonymity, and 
that recognition is not necessary to their drive. But 
prestige is a necessity for many, and prestige is cer- 
tainly not to be discounted as an attraction to the 
young men who may fill the scientific ranks in the 
future. 

Neither can other incentives be discounted. In the 
majority of cases U. S. salaries in science and engi- 
neering never approach the glamorous. To compare 
notes with their Russian counterparts, American 
scientists may refer to- the findings of a U. S. group 
which attended the 1955 Geneva conference “Atoms 
for Peace.” Participants, writes a New York Times 
reporter, “were amazed to hear their Soviet col- 
leagues’ descriptions of how well they lived. Many 
reported having excellent housing, chauffeured 
automobiles, country cottages, servants, and the 
like. 

“It was clear to the American scientists that the 
average Soviet nuclear physicist, for example, lived 
far better in relation to the average Soviet standard 
of living than did his American counterpart in 
relation to the average American standard of living.” 

We admit, of course, that the “average Soviet 
standard of living” is not a very substantial platform 
to vault from salary-wise. The point remains that 
high technological ability brings even more than 
adequate compensation in that totalitarian state. 
Possibly more of the same in the U. S. would help 
the present technical manpower situation. 

Much has been said about totalitarian crash pro- 
grams which push advances along desired lines to 
the detriment of national welfare in almost all else. 
We can hope that nothing so drastic will be accepted 
as a solution for the lack of trained U. S. technicians. 
Much as more such men are needed, we must never 
lose sight of the fact that our nation is a democracy. 
To push all the gifted young into technology would 
be to lose those whose greatest talent lies in areas 
outside the necessarily narrow specialties. 

Greater public awareness of the sciences, leading 
to increased prestige and greater opportunity for 
those who can qualify in technical work—only in 
this way can we solve our science and engineering 
manpower shortage and still maintain our national 
principles. 
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visitors into a mine, especially any 
large group, is an undertaking designed to gray 
the hair of any mine superintendent, unless. . . 

The exception was presented with fanfare by 
Climax Molybdenum Co. on October 13, when it took 
more than 30 million sight-seers into its workings at 
Climax, Colo., through the eyes of four television 
cameras. Staged by the producers of the “Wide, Wide 
World” program, the tour took viewers deep into the 
Climax mountain, brought them to the top of a 60-in. 
gyratory crusher in action, gave them a picture of 
the operations of the Climax mill, and so on, to 
thoroughly demonstrate the workaday methodas of a 
modern mine. 

Climax should get a pat on the back for its fine 
job of public relations, but it is not necessary here. 
The 30 million new Climax fans can do that much 
better. 


TEEL producing capacity of the U. S. will in- 

crease by 10 pct in the next two years, according 
to the prediction of a Lukens Steel Co. spokesman. 
“By 1959, our estimate is that the industry will 
have raised its annual capacity from the present 
133.5 million tons to more than 146 million tons,” 
said W. Butler III at a commerce and industry 
conference in Philadelphia. In a talk on steel’s role 
in the development of nuclear energy, he said, “We 
are sure that long-term customer requirements fully 
justify this expansion. If the steel industry had 
not expanded by nearly 20 pct in the past seven 
years, we would have had to operate at the impossi- 
ble rate of 120 pct of current capacity to supply the 
estimated 116 to 118 million tons needed this year.” 


—— engineer Willis P. Mould has turned nat- 
uralist. While out prospecting for china clay he 
came across a huge apple tree which he thinks may 
be the largest in New England. Gnarled trunk is a 
full 45 in. in diameter. 


| penevniene spending for scientific research and de- 
velopment increased during fiscal 1957 by close 
to 20 pet. The National Science Foundation reports 
the total was about $3 billion, as compared with the 
$2.5 billion spent in 1956. 

Development accounted for more than 60¢ of 
every dollar spent on the program. Less than 40¢ 


4 
2 


RESEARCH SPENDING ANOTHER TOOL 


TRENDS 


INDUSTRY'S MINE 


went toward research, and of this only 8¢ was used 
in basic research work. 

Of the $964 million applied to both basic and ap- 
plied research, the physical sciences, including engi- 
neering, claimed 67 pct. Life sciences took 29 pct, 
and social sciences, 4 pct. 

By organizations, the Federal research and devel- 
opment dollar was parcelled out as follows: 35¢ to 
profit organizations, 14¢ to educational institutions, 
48¢ within the Government, and 3¢ to other institu- 
tions. 

Interested readers can get further information 
from a 35¢ booklet, “Federal Funds for Science 
(VI),” available from the Superintendent of Docu- 
ments, U. S. Government Printing Office, Washing- 
ton 25, D. C. 


NEW arbitrator has been added to the board 
which is attempting to resolve a dispute be- 
tween Mesabi Iron Co. and Reserve Mining Co. 

Mesabi Iron owns a 20 pct undivided interest in 
fee title to taconite lands presently being mined by 
Reserve. The Mesabi lease was assigned in 1939 to 
Reserve which agreed to pay Mesabi one-third of 
the profits derived from operation of the properties. 
The dispute revolves around Mesabi’s claim that 
financial statements submitted by Reserve under- 
state earnings from the property, out of accordance 
with contract terms. 

So far the arbitration talks have resulted in a re- 
duction of about $960,000 in Reserve’s stated net 
loss for 1956. With its new umpire member, the arbi- 
tration board, which now numbers three men, hopes 
to reach settlement of certain points remaining 
in dispute. 

Major differences yet to be resolved relate to the 
value of processed taconite pellets, Reserve’s claimed 
right to make charges in excess of its actual expenses 
for railroad transportation, electric power, and load- 
ing of pellets, and the deduction of interest and 
finance expenses. 


ETALS such as columbium, zirconium, titanium, 

and molybdenum, which not only melt at high 
temperatures but are extremely active at such tem- 
peratures and difficult to prepare in a pure state 
by conventional methods, are now being studied by 
a unique and versatile technique called levitation 
melting. By this method, developed through combined 
efforts of researchers at the Westinghouse Research 
Laboratories and the University of British Columbia, 
these metals are heated to thousands of degrees 
above white heat, while freely suspended in space. 


The levitation melting is done as follows: Com- 
pressed metal powder is placed within a copper 
coil which carries a high-frequency electric current. 
Reversing its direction nearly a million times a 
second, the electric current generates a field of force 
which floats the metal mass inside the coil. Simul- 
taneously, it converts the metal into a molten blob— 
temperatures of 4500° to 5000°F being reached in 
half a minute or less. 

Metals such as columbium and titanium react 
chemically with any vessel in which they can be 
melted and contamination cannot be tolerated in 
pure metal research. This problem is entirely elimi- 
nated by levitation melting. Since the molten metal 
floats freely, confined only within itself, it is entire- 
ly protected from crucible contamination. To protect 
the pure metal from atmospheric impurities, the 
whole process is carried out inside a sealed vessel 
containing an inert gas such as helium or argon. 

Additional advantages of the new melting method 
include simplicity of apparatus and ease of handling. 
It has also been found that the molten metal stirs 
itself, yielding especially uniform alloys when metals 
are mixed. 


YNTHETIC industrial diamond production will 

soon go commercial say spokesmen of General 
Electric Co. By the end of 1958 General Electric 
expects to be making about 3.5 million carats of 
the stones. 

For some time industrial plants have been using 
a so-far meager output to do the same work that 
natural stones are used for, and they have met with 
much success. (GE hastens to emphasize that these 
are also natural stones, and not artificial ones, in 
that they have all the properties of the mined 
variety.) The man-made diamonds are still costly— 
a carat weight in a quantity purchase costs $4.25, 
while the Belgian Congo product runs just $2.85 for 
like quality. Because the synthesized diamonds are 
being sold in a market which requires more stones 
than the mines can supply, the higher price is no 
deterrent to sales. But eventually, GE surmises, their 
product will even become competitive price-wise. 

Still small in size (60-grit max) , the stones may 
be produced in heavier weights when “we learn to 
improve our equipment and variables,” says General 
Electric. 

Officials decline to reveal details of production 
methods, but say the process essentially involves 
subjecting carbonaceous materials to pressures up to 
2.4 million psi at temperatures of 5000°F. By this 
method, General Electric pilot plants have already 
manufactured more than 100,000 carats of gray- 
black industrial diamonds. When this production 
is given the huge boost expected next year, the U. S. 
will have an important new source of industrial 
material vital to its security. 


DECEMBER 1957, MINING ENGINEERING—1311 


Ld) 


(Continued from page 1305) 
been found in one major zone with 
average grade between 0.20 and 0.25 
pet U,O,. Discovered ore at prevail- 
ing prices would represent a gross 
value of between $15 and $20 mil- 
lion, according to Stanleigh pres- 
ident H. S. Strouth. 

Located in the Mt. Isa uranium 
region, the property will have the 
benefit of skilled mining personnel 
and good roads. The Bureau of Mines 
of South Australia and the Austral- 
ian Atomic Energy Commission have 
already spent more than $28,000 on 
the property for exploration and me- 
tallurgical research, and have of- 
fered pilot plant facilities for more 
work. 


Second largest U. S. producer and shipper of uranium ore is Rio De Oro Uranium Mines’ ‘i 
Dysart Mine No. 1, seen here from the air. Mine, in the Ambrosia Lake area of New Kennecott to Build 
Mexico, has climbed from 16th position in eight months. ee 

$20 Million 


fa finery, expected to cost about $20 
EN 6: ee million, on a site it will purchase in 
Anne Arundel County near Balti- 
more, announced F. R. Milliken, vice 
president. 

Mr. Milliken stated that in recent 
years customers’ requirements have 
called for less fire refined and more 
electrolytically refined copper. He 
said the new refinery will permit 
the electrolytic refining of biister 
copper from the Chilean property of 
Kennecott’s subsidiary, Braden Cop- 
per Co., and will also be a supply 
source for European customers. 

Kennecott’s plans call for build- 
ings and equipment incorporating 
latest techniques in electrolytic re- 
fining, copper casting, and materials 
handling. It is expected that the new 
plant will require the services of 
some 450 people. Plans call for ini- 
tial monthly capacity of 7000 tons 
and for operations to begin in 1959. 


Kennecott Copper Corp. plans con- 
struction of an electrolytic copper re- 


At Tahawus, New York, for 


NATIONAL LEAD 
COMPANY 


...@xpansion of a large titanium and 
iron ore processing mill. 


Engineering, design and 
construciion by 


WESTERN KNAPP ENGINEERING CO. 


A DIVISION OF WESTERN MACHINERY COMPANY 
engineers-builders ... mineral, chemical, & process industries 
New York * Chicago + Hibbing + San Francisco 


5 
| 
From the mine shaft of Dysart Mine No 
on a capacity load of 25 tons of urani 
2 
A 
| —— 
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NEW GARDNER-DENVER 
‘“MOLE-DRIL’”’ 


(Trade-Mark) 
hits the bit where it bites 


This drill follows the bit right down through the rock. It cuts deep, big- 
bore holes . . . reduces drilling time and costs. The Gardner-Denver 
**Mole-Dril” adds more versatility to any rotary drilling rig. 


DELIVERS MORE FOOT-POUNDS OF ENERGY... 
to the bit than any other drill of its size. No power is lost regardless of 
drilling depth with this in-the-hole ‘“‘Mole-Dril’’. There are no drill rods 
between drill and bit absorbing hammer shock. 


DELIVERS AIR AT FULL PRESSURE FOR CLEANING 
Hole cleaning ability is not completely dependent on exhaust air from 
drill. A separate air stream flows directly through bit at full line pres- 
sure to keep cutting face clean. The drill has up-cast exhaust air ports 
to give cuttings an added boost. 


ONLY 3 MOVING PARTS 


Rugged, simple construction delivers more work and less trouble. There 
are only nine major parts in the entire drill. 


Two sizes available—here are the condensed specifications 
recommended 
length weight bit size 
38.6 200 Ib. 6" 
35.6 98 Ib. 4%” 


Get the most out of your rotary drilling rig . . . save money 
¥ Potent Pending eee drill faster eee get the new Gardner-Denver **Mole-Dril”’ 


Drill screws directly to standard 
drill pipe ... tappet... 


‘By ra ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, IIlinois 
_Enpert Division, 233 Broadway, New York 7, New York 
In © de: G Denver Company (Canada), Ltd., 14 Curity Ave., Toronto 16, Ontario 


ia 
Ee - directly on to drill and down they go 


4 _6" 
\ 
» cone \ 


Only 0.01 Ib/ton increases gold recovery by 1.3%... 


Simplifies flow scheme by eliminating slime flotation 


Every pennysworth of AEROFLOC 550 Reagent used at Baguio 
Gold Mining Company increases recovery by approximately 10 
cents and eliminates slime flotation, too! Here’s the step-by-step 
background of this interesting, profitable beneficiation development. 


Baguio Gold treats 450 tpd of gold ore running 0.23 to 0.25 oz 
Au/ton by straight cyanidation with AERO® Brand Cyanide. Ore 
consists of gold with pyrite and some chalcopyrite in quartz-calcite 
veins in andesite and diorite. 


Following its destruction during World War II, the 1933 mill was 
re-built in 1952. Primary slime trouble required the addition of a 
washing plant in 1954 to segregate 30 tpd of slimes running 0.25 
oz/tor. for treatment by froth flotation using AERO® Xanthates 
and pine oil. The concentrate was added to the grinding and cyanida- 
tion circuit and the slime tailing was discarded after straking. The 
exclusion of slime from the cyanidation circuit was an important 
factor in reducing cyanide consumption from 1.5 to 0.6 Ib/ton. 


In 1956, the experimental use of various AEROFLOC Reagents 
showed that flotation feed could be cut to 20 tpd with an increase 
in recovery of values in the flotation feed from 75% to 85%. Cyanide 
consumption held steady. In 1957, slightly increased dosage of 
AEROFLOC 550, fed as a 0.1% water solution to the thickeners 
ahead of the leaching circuit, made possible complete elimination 
of the slime flotation step. The whole ore is now cyanided with gain 
in gold recovery close to 1.3%, plus savings in power, reagents, 
labor and maintenance. 


Such noteworthy gains are not always possible. But even in long- 
established flow schemes continued testing with the newer reagents 
can produce very worthwhile gains. Cyanamid Field Engineers 
stand ready to collaborate with mining companies in studying new 
and more efficient reagent combinations and other steps that might 
minimize costs-plus-tails. 


cYAN ANA I WD 


AMERICAN CYANAMID COMPANY 


MINING CHEMICALS DEPARTMENT 
3O ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 


¥ 
' 
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THIS AMSCO’* LIP TAKES A SHARPER BITE 


... chews out full loads at normal power 


The lip juts way out where it easily bites up— 
and delivers—the full yardage of coal. It’s a 
sharp extension of the dipper, with fanned teeth— 
for fast, easy penetration. The dipper digs out a 
heavier load without strain on the shovel . . . even 
requires less power, and prolongs life of all parts. 

This Amsco lip lasts a long, long time, because 
it's made of the toughest steel known—manganese 
steel—the metal that work-hardens to fight off wear 
by impact and abrasion. Lip replacement is simple, 
when necessary, keeping downtime short. 

If getting more pay loads moved faster with less 
wear On equipment means more profits to you, 
specify Amsco Renewable Lip Dippers. 


AMERICAN MANGANESE STEEL DIVISION 
Chicago Heights, Ill. 


— 
4 
AMERICAN 
Brake Shoe 
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WIDE HEADING CLEANUP WITH EIMCO 630 CRAWLER- 
EXCAVATORS IS FAST, ECONOMICAL AND EFFICIENT. 


REDUCE THE COST SQUEEZE 
WITH EIMCO 630 TRACTOR - EXCAVATORS 


With the “cost squeeze” tightening . . . 
you can use production savings offered by the 
Eimco 630 Tractor-Excavator to profitable ad- 
vantage. 

The 630 provides you features that pay-off 
in more production, operator efficiency and 
safety. Ruggedly constructed to withstand the 
severest operating conditions, the 630 insures 
against excessive down-time and costly main- 
tenance. 

Easy, convenient controls make the Eimco 


respond instantly to the operator's demands. In 
tough digging (with independent track rever- 
sal) he can maneuver the Eimco fast and sharp 
— from side to side — to cram the bucket with- 
out making a new approach. He can move the 
loaded bucket into overhead dump position 
while traveling. 


Bulletin L-1039 will acquaint you with more 
Eimco 630 details. An Eimco Engineer will pro- 
vide you with reliable production information. 
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fluidized 
techniques 
for SO, 

roduction 


The first installation in Germany of a Dorrco 
FluoSolids system for the production of SO2 gas 
from pyrites recently went on stream in a large 
chemical plant. Main component of the system is 
the 7-foot diameter Dorrco FluoSolids Reactor in 
which 36 tons per day of pyrite containing 43% 
Sulfur is roasted at 900°C, delivering 10,000 CFM 
of SOs gas for the manufacture of 50 tons per day 
of 98% H2SOx,. 

Today, commercial applications of the Dorrco 
FluoSolids system for pyrite and pyrrhotites roast- 
ing total 52 reactors in 33 installations located in 
12 countries. These units cumulatively produce 
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the SOz2 gas necessary for the manufacture of over 
5,000 tons per day of sulfuric acid . . . dramatic 
evidence of the world-wide acceptance of this most 
significant advance in roasting techniques in the last 
35 years. 

If there is a step in your flowsheet where intimate 
contact between solids and gases is essential, fluid- 
ization should be investigated. Dorr-Oliver research, 
design and engineering staffs in collaboration with 
our associated companies and representatives 
throughout the world can work to your advantage. 

For complete information write Dorr-Oliver 
Incorporated, Stamford, Connecticut. 


Dorrco and FluoSolids are Trademarks of Dorr-Oliver Inc., Reg. U. S. Pat. Off. 


on R-ConurveR 


WORLD-WIDE RESEARCH - 


EQUIPMENT 


u. A, 


ENGINEERING 


N | ‘ 
‘ 
- 
| 
(it 
| 5 


proved. 


Traylor-Made Grinding Mills feature 
shell liners of manganese or high carbon 
steel in plain, wave, cascade or Lorain 
type. The shells are of all welded steel 
construction, main bearings are made of 
Meehanite metal. Driving gears are 
steel, precision cut on our Maag gear 
generator. Mills may be fitted with 
drum feeders, scoop feeders or a com- 
bination of the two. 


Traylor Grinding Mills are offered in a 
variety of types including Ball, Rod, 
Compartment and Tube Mills. Write 
for Bulletin No. 11-121 today. 


TRAYLOR ENGINEERING & MFG. CO. 1913 MILL ST, ALLENTOWN, PA. 


Sales Offices: New York — Chicago — San Francisco 
Canedien Mfr.: Canadian Vickers, Ltd., Montreal, P.Q. 
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Out where 


performance 
alone is not enough! 


? 


Near Butte, Montana, a CAT* DW20 Tractor 
works on a haul road at an open-pit copper mining 
operation. The road, half a mile long and 60 feet 
wide, had to go in fast. So a pair of DW20s with 
Scrapers dumped some 1600 cu. yd. of dirt per 8-hour 
day, and did it day in, day out till the job was done. 


And that’s the point: day in, day out till the job 
is done. For, on the hard jobs, performance alone, 
while mighty important, is not enough. 


Sure, DW20 units give superior performance. Big 
capacity. Load easily. Big rimpulls that overcome 
grade and rolling resistance on rough roads. Ejection 
that gets rid of any kind of material quick. And, of 
course, high speed. 


But the DW20 does more than a good job. It stays 
on that job. It shrugs off the down time that hurts you 


in your cost-per-yard figure. Your Caterpillar Dealer 
is ready with facts and figures to prove that the built-in 
durability of the DW20 means dollars and cents to you. 
He’s ready, too, with expert service—and with replace- 
ment parts you know you can trust. 


P.S.: Your Caterpillar Dealer will demonstrate the 
DW20 on your job, at your say-so—with any of its 
famous running mates: the new No. 456 Scraper with 
LOWBOWL design; the Athey PH20 Wagon specifi- 
cally designed as an economical coal hauler (56 cu. yd. 
heaped load); and the Athey PD20 side dump Wagon 
with a heaped capacity of 25 cu. yd. 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. 


CATERPILLAR’ 


Caterpiitar and Cat are Registered Trademarks of Caterpiiia: iactor Co. 
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Architects Show Sketch 
of New United 


Engineering Center 


The new United Engineering Cen- 
ter will be erected on United Na- 
tions Plaza between 47th and 48th 
Sts. in New York City, and will 
probably be similar in appearance 
to the building shown in the sketch. 

Designed to symbolize the dignity 
and achievements of the engineer- 
ing profession, the Center will pro- 
vide national headquarters for the 
continued advancement of engineer- 
ing and technology. Not only will 
adequate facilities be provided for 
performing present functions, but 
sufficient provision will be made to 
include continuing growth of serv- 
ices to the engineering profession. 

A 20-story tower surrounded by 
lower structures with landscaped 
surroundings, the new Center wiil 
offer almost three times the usuable 
space in the present Engineering 
Societies’ Building. In addition to 
space requirements of the Societies, 
rooms for engineering meetings and 
committee activity will be provided. 
Private dining rooms for engineers 
attending meetings are planned, as 
is a cafeteria. 

Enlarged library and publication 
facilities are included in plans for 
the new Center. An exhibition space 
is planned in which the rapid ad- 
vances in engineering will be inter- 
preted for the general public. And, 
in keeping with the traditions and 
dignity of a proud profession, a 
memorial hall is planned to per- 
petuate the contributions of great 
engineers to the effectiveness of 
American civilization. 

The Center will permit expansion 
for all foreseeable needs for the 
next half-century, will be attractive 
without being ornate, and will em- 
body dignity without implying pre- 
tension. 

The new Center will represent the 


culmination of plans on the part of 
United Engineering Trustees Inc. 
and the Five Founder Societies, that 
date back to the fall of 1955 when 
a task committee of 15—three from 
each Society—was appointed. This 
Committee had its first meeting on 
Oct. 10, 1955, and on June 22, 1956, 
submitted the following report: 
®& Item 1—The Engineering Socie- 
ties’ Center be located in New 
York City. 
®& Item 2—The 39th-40th Street site 
be continued in use as the site 
of the Engineering Societies’ 
Center. 
“If rebuilding in that area 
proves impracticable, a com- 
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parable site should then be 
sought in midtown New York.” 


Approval of the recommendations 
was completed by the end of Novem- 
ber 1956 and the firm of Shreve, 
Lamb & Harmon Assoc. was re- 
tained to assist in determining the 
feasibility of developing the present 
building site. After thorough study, 
the Trustees decided on Feb. 12, 
1957, to abandon plans for the present 
site and to seek a new one. 

On Aug. 1, 1957, a news story was 
released announcing the acquisition 
of the site on First Ave. in New York. 
The firm of Shreve, Lamb & Harmon 
Assoc. were retained as architects. 


Architects’ rendition, LEFT, shows the proposed United Engineering Center in relation to the neighbors it will have near the East 
River and the 47th-48th St. area in New York. In the lower left corner can be seen the United Nations building and plaza sur- 
rounding it. RIGHT: William F. Thompson, left, chairman of the real estate committee, UET, expresses appreciation to Mayor 
Robert F. Wagner, center, for his assistance in securing the site for the new Center. Looking on, right, is Commissioner Vincent 
3. O'Shea of the New York City Dept. of Commerce and Public Events. 


| 
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A new concept in 


transformer 


insulation 
GAS INSTEAD OF OIL... that is headline news! 


Sulphur Hexafluoride is a heavy, non-flammable gas and is both chemically and physiologically inert. These 
characteristics plus its high dielectric strength pin- pointed the heavy duty transformer field as a logical target. 
And so it turned out! 


SF6 instead of oil is now being used in high voltage transformers with the following advantages: 


® operations are much quieter ¢ lighter construction permissible 
® less restriction in location * lower maintenance 
e fire-proof and explosion-proof 


In SF6, the electrical and electronics industries are finding a very useful product providing both electrical 
insulation and cooling. As in so many ‘headline’ products serving industry, the element S is part of the chem- 


ical structure! 
Texas Gulf Sulphur Co. 


75 East 45th Street, New York 17, N.Y. 
811 Rusk Avenue, Houston 2, Texas 


e Newgulf, Texas Spindietop, Texas 
Sulphur Producing Units moss Texas © Worland, Wyoming 
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or Find Greg ficiation 
that counts! 


The Wemco-Remer Jig 
provides: 


© Better Stratification 

© Uniformity of Jigging Action 

© Accelerated Settling of Heavy Fines 
e Faster Hutching of Fine Concentrates 


© Greater Capacity 
e Maximum Efficiency 
e Freedom from Sanding or Dead Spots 


Because of these factors, you are able 

to treat size ranges never before efficiently 
jigged . . . with concentration even in 

the finest sizes. 

These Jigs have been repeatedly chosen 

after competitive tests and complete 
evaluations to determine the most economic 
means to concentrate the minus 4” pertion of 
feed in Iron Ore Heavy Media piants. 


Before deciding on your fine ore treatment 
method, investigate what Wemco-Remer Jigs 
are doing for others. 


With other Jigs, there is only one stroke. 
It's the Extra Jiggle in the Wemco-Remer Jig 
that makes the difference. For more details, 
send for free bulletin 52-B3. 


Representatives in principal cities in 
United States and Canada and in major 
countries throughout the world. 


WESTERN MACHINERY COMPANY 
650 FIFTH STREET, SAN FRANCISCO 7, CALIFORNIA 
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DIESEL POWER BECAUSE HE 
CAN’T AFFORD DOWN TIME 


That’s a good vein of fuller’s earth being mined near 
Quincy, Fla., by the Model 85 Northwest dragline shown 
above. Production is a profitable 4,000 tons per month, 
not counting all the overburden which is removed. 


However, J. L. Bedenbaugh, the contractor, has one 
big problem. He just can’t afford down time. He has no 
standby dragline to make sure production keeps up if this 
one doesn’t operate. But he’s found the best possible 
answer to that problem: a 225 HP (maximum output 
capacity) Caterpillar D342 Diesel Engine. 


Mr. Bedenbaugh decided on CAT* Diesel power after 
careful study. When his former engine wore out, he talked 
to contractors in his area. He observed the dependability 
of Cat-built equipment owned by other users. 


Has it worked out just as well for him? Here’s his 
answer: “The D342 runs 15 hours a day, 6 days a week 
with no down time. I like it so well I’ve ordered a new 
Caterpillar D7 Tractor.” 


Modern heavy-duty Caterpillar units, ranging in size 
up to 650 HP (maximum output capacity), are available 


as original or replacement power for excavators, hoists, 
crushers and other equipment. They require practically 
no attention. Their fuel systems require no adjusting. 
And Caterpillar’s single-orifice fuel injection valves with 
the precombustion chambers permit the use of such low- 
cost fuels as No. 2 furnace oil without fouling. 


Today, these honestly-rated engines come from the 
Caterpillar plant bearing a signed, notarized certificate 
covering their power capabilities. Talk it over with your 
Caterpillar Dealer and discover which certified Caterpillar 
Diesel Engine is best for your needs. After you buy, look 
to him for prompt service and parts you can trust. 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. 


CATERPILLAR’ 


and Cat are Registered Trademarks of Caterpilias Tractor Co. 


ps 
BEDENBA AS CAT. 
| J. L. BEDENBAUGH Hi A 


Manitoba Pushes Ahead on 
New Major Nickel Source 


International Nickel’s Mystery-Moak Lake project promises 
a 75-million Ib annual addition to Free World nickel supply 
by 1961. Reserves have not been revealed but expenditures 
indicate a huge holding. 


by Henning Nielsen 


IX weeks ahead of schedulr 

Nickel Co. of Canada Ltd. " aught a 30-mile 
rail line into the newly b vwn of Thompson, 
Manitoba. Its construction s,; .«s the development of 
a rich new mining region slated to become the 
world’s second largest nickel-producing area—ex- 
ceeded only by Inco’s Sudbury, Ont., workings. 

Two mines, the Thompson and the Moak Lake, 
will be opened to meet International Nickel’s sched- 
uled annual production goal of 385 million Ib of re- 
fined nickel by 1961. Accomplishment of this aim 
will mean an additional 75 million lb of the metal 
available to consumers. In addition, stepped-up out- 
put of Inco’s Sudbury holdings may increase this 
figure by another 25 million lb. (For an earlier re- 
port on these developments see MINING ENGINEERING 
News, January 1957). 

Completion of the $5-million rail line was marked 
by a ceremony in which Premier Douglas Campbell 
of Manitoba hammered into place a gleaming final 
spike, fashioned of nickel. Linking Thompson with 
Sipiwesk on the Canadian National Rys., Hudson Bay 
line, the new railway will provide year-round trans- 
portation for men, equipment, and supplies. 


International 


NORTHERN MANITOBA HUDSON 


Inco 
MINING AREA 


Mystery Lote 
Thompson Grond Repié - Site of 


Proposed Power Piont 


Sper? / 


During the months after the project was given the 
green flag last December, Inco had been forced to 
use bush planes and tractor trains to move in the 
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Flanked by members of the Royal Canadian Mounted Police, 
Premier Douglas Campbell of Manitoba accepts from Inco 
vice-president R. D. Parker the solid nickel spike used in the 
rail line completion ceremonies. 


huge quantities of material required. Now not only 
will equipment be moved more quickly, but cum- 
bersome items such as heavy steel and crushing and 
grinding machines will find practical entry. 


Long-Term Lease 

International Nickel’s holdings in the Mystery- 
Moak Lakes area of northern Manitoba total some 
300,000 acres. Three orebodies have so far been dis- 
covered within the Inco-controlled region, an area 
roughly 80 miles long and up to ten miles wide. Inco 
has leased the area from the Province of Manitoba 
for a 2l-year period, with options to renew for a 
total of 63 years. If it is found necessary, this may 
even be extended another 21-year period, for a total 
of 84 years. 

Figures on reserves are not available, although 
Inco admits to a “fair conception” of the tonnage. 
Asked if he believed the operation might extend be- 
yond the year 2000, R. D. Parker, vice president and 
general manager of Inco’s Canadian operations, said 
he was “hopeful” of this. At any rate, expenditures 
prove this is not expected to be a short term project. 


Heavy Spending 
Last year when it was decided to start work, Inco 
had already spent $10 million exploring Manitoba. 
Exploration and construction costs for 1957 will ap- 
proximate $13 million. The Thompson-Moak Lake 
project in its entirety will require an expenditure of 
$175 million. 


Tie and track-laying equipment used in extending the spur. 


1322—MINING ENGINEERING, DECEMBER 1957 


Shirt-sleeved Premier Campbell remarked after driving the 
spike that he “would not be averse to more pioneering of 
this sort.” New mining project is the largest single invest- 
ment of any kind in Manitoba. 


International Nickel intends to construct facilities 
that will completely integrate the operation. In ad- 
dition to the two mines, Inco plans a concentrator, 
smelter, and electric refinery, as well as a townsite 
that will eventually house 8000 people. Manitoba’s 
Hydro-Electric Board is building a power plant. 
Thompson will be the center of all these facilities 
except for the Moak mine, which will be 22 miles 
distant, and the hydro plant, which will be situated 
on the Nelson River at Grand Rapid. 

Production and development shafts have already 
been sunk at Thompson. The five-compartment pro- 
duction shaft, T-1, will reach an initial depth of 2100 
ft; overall dimensions are 23 ft 4% in. x 14 ft 11% 
in. T-2, the development shaft, measures 17 ft 7% 
in. x 6 ft 9% in. overall. It will incorporate three 
compartments and run to a vertical depth of 1100 ft. 
Drifts to connect the two shafts are now being driven 
on seven levels. A 250-ft concrete headframe to be 
erected over T-1 will house a friction-type hoist; a 
temporary wooden structure is already in place. Ex- 
ploratory drilling from the surface has gone to a 
maximum vertical depth of about 3000 ft. 


Ore Grade 
Inco has been experimenting with auger-type 
tungsten carbide drills to meet the problems pre- 
sented by the soft peridotites in which most of the 
ore occurs. Permafrost involves a construction but 
not a mining problem. Certain portions of the ore- 
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bodies will be amenable to open pit and blasthole 
mining. In other areas cut and fill and square-set 
methods will be required. Country rock is a granite 
gneiss. 

Unlike the Sudbury ores, the Thompson-Moak 
Lake product contains little copper. Its nickel con- 
tent, however, is “equivalent to or better than that 
of Sudbury ore,” according to company spokesmen. 
Mine production to supply the propose? mill was 
initially intended to meet a 9000-tpd sc. .ule when 
the operation begins in 1960, but Inco h: ‘found the 
ore at Thompson to be of such high grade at only a 
portion of mill capacity will be needed to first meet 
the 75-million lb objective. It is planned that even- 
tually Moak ore will furnish three parts of mill feed 
to each part supplied by Thompson. Moak Lake ore 
is of lower grade than that of Thompson, but the de- 
posit is extensive. 

At the Moak orebody, exploration is being con- 
ducted on the 700 and 1300-ft levels from M-1l, a 
shaft sunk in 1955. Because the ore at Thompson is 
of higher grade than was first expected, production 
from Moak Lake will be temporarily delayed. This 
extra time will be turned to advantage in studying 
Moak’s particular mining problems. A heavy earth 
layer covers the deposit to depths below the bottom 
of nearby Moak Lake and further investigations will 
be necessary. 


Work Begun on Mill 
Groundwork for the 9000-tpd capacity mill to be 
constructed at Thompson is now under way. Because 
of its low copper content the ore will probably be 
upgraded by a simpler treatment process than is 
used in Inco’s Sudbury plants. At the proposed 
smelter, a 500-ft stack will be used to combat the 


This temporary wooden development shaft headframe at 
Thompson will be replaced by a permanent concrete structure. 


Earthmovers are presently at work clearing ground for the 
beneficiation plant to be erected on this Thompson site. 


sulfur problem. Inco expects no appreciable diffi- 
culty with dust because of high-recovery methods 
learned in other operations. 

Two processes are now being investigated for best 
economy in the planned electric refinery. When the 
refinery goes on stream in 1960 it will initially pro- 
duce at a 60-million lb annual rate, meeting this 
goal by July of that year. Full (75-million Ib) ca- 
pacity should be reached by December 1960 The 
Grand Rapid power plant, which is expected to start 
generating in early 1960, will supply Inco with 
168,000 hp (120,000 kw) of its 400,000-hp capacity. 


Need New Markets 

A primary question arises from the increase in 
nickel production through development of the Mys- 
tery-Moak Lake area: Where will Inco find cus- 
tomers? 

Even though production from the new region will 
not reach the market for several years, the very fact 
that new sources such as this International Nickel 
project are being readied has led the U. S. Govern- 
ment to suspend its stockpiling of nickel. Moreover, 
no change in defense requirements seems forthcom- 
ing. 

The upshot is that civilian markets must be culti- 
vated for the products of new nickel sources. Inter- 
national Nickel expresses little regret over the situ- 
ation. Instead it finds encouragement in the fact that 
users and potential users will now have no reason to 
look to other metals for work that nickel can do best. 


Construction camp and plant area had reached this stage 
of completion in mid-October. 
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Conveyor Operation in 


Michigan Wilderness 


by F. B. Speaker 


UCH of White Pine’s success is due to the mech- 
anization of mining operations and the develop- 
ment of an efficient beneficiation process to extract 
usable copper from the low-grade ore (averaging 
slightly more than 1 pct copper content). 

When the mine was first opened, all ore was 
trucked to a conveyor system installed in the slope 
leading out of the mine. But as new mining areas 
have been opened up at increasing distances from the 
slope, conveyors have replaced the trucks for much 
of the haulage. This conveyor program is expected 
to continue as mining progresses. Here is how the 
present underground system func*ions: 

Run-of-mine ore is dumped i:ito two truck hop- 
pers and withdrawn from the bottom of each hop- 
per by a 60-in. apron feeder 22 ft long (see dia- 
gram). Collecting conveyors 54 in. wide and 44 ft 
long receive the material from the apron feeders 
and discharge to two main-line 54-in. conveyors, 
one 2000 ft and the other 2600 ft long. Operating at 
312 fpm and handling 1200 tph, the main-line con- 
veyors converge near the bottom of the tunnel 
leading out of the mine and discharge into two 
72x168-in. Vibrex screens. Ore under 8 in. goes di- 
rectly to the bin beneath. The oversize is fed to two 
32x40-in. jaw crushers and after crushing joins the 
8-in. material in the bin. 

From the bin the ore is fed to a 54-in. conveyor 
system 3650 ft long rising through the sloping tun- 


F. B. SPEAKER is Manager, Nonferrous Metals Mining Sales De- 
velopment, Hewitt-Robins Inc., Stamford, Conn. 


The White Pine Project 


In the short span of five years the White Pine 
Copper Co. has developed a major copper mining 
operation in the rugged bush country of Michi- 
gan’s Upper Peninsula. 

Although copper was discovered in the White 
Pine area more than 100 years ago and was mined 
intermittently from 1860 to 1900 and again from 
1910 to 1915 and from 1920 to 1921, all attempts 
to establish a profitable large-scale operation 
failed until 1952, when the White Pine Copper 
Co., a subsidiary of the Copper Range Co., re- 
opened the mine with an investment of more 
than $80 million. 

In building the town of White Pine and the 
mining plant more than 270 acres of land were 
cleared and leveled, 90,000 cu yd of concrete 
poured, 6% miles of road built, 65 miles of pipe 
and 60 miles of electrical conduit laid, and 300 
miles of wire rigged. Homes had to be built for 
3000 people and pavements, gutters, sewers, and 
fire hydrants put in place. 

Operations at the property include mining, ben- 
eficiation, and smelting to produce fire-refined 
metal. 

Since the start of production early in 1955, out- 
put has grown steadily, reaching 75 million lb of 
refined copper last year. It is expected that in 
1957 production will rise to at least 90 million Ib. 
Geologists estimate there is enough ore in the 
area to support production at the present rate 
for more than 50 years, making this one of the 
world’s large copper deposits. 


2200 TONS PER 
HOUR TO MILL 


\ 
54-IN. UPPER FLIGHT CONVEYOR 
(2200 TPH- 450 FPM) 


ACCELERATING CONVEYOR 
(2200 TPH -450 FPH { 


54-IN. LOWER FLIGHT CONVEYOR 
(2200 TPH —450 FPM) 
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nel to the surface. The tunnel slopes at 11.58 pct 
degrees for the first 266 ft and then increases to 
16.48 pct. The conveyor system is in three units, 260, 
1760, and 1630 ft in length, and delivers 2220 tph 
operating at a speed of 450 fpm. On the way to the 
surface the ore passes under a magnet that removes 
tramp iron and over a scale that weighs it on the 
belt. The belts are 8-ply Raynile construction with 
two top breakers and one bottom breaker, having 


a top cover % in. thick and a bottom cover %& in. 
thick. At the surface two 54-in. conveyors in series 
carry the ore from the end of the tunnel conveyor 
system to the processing plant, where it is crushed, 
ground, concentrated, and smelted into copper of 
unusually high purity. Hewitt-Robins supplied 
some 13,000 ft of belt conveyors installed at 
White Pine to handle the ore underground and in the 
processing plant. 


TRUCKS 


Schematic of 
Underground Ore Handling 


at White Pine 


{200 TPH 


y__¢-60-IN. APRON CONVE 
TPH— 27.2 54-IN. ACCELERATING CONVEYOR 


y—54-IN. ACCELERATING CONVEYOR 
(1200 TPH - 312 FPM) 


54-IN. CONVEYOR 
{200 TPH- 312 FPM 


FEEDERS 


60-IN. APRON C 
(1200 TPH 27.2 


(1200 TPH — 312 FPM) 


54-IN. CONVEYOR NO.2——*} 
(1200 TPH — 312 FPM) 


54-IN. FEEDER 
200 TPH PM) 


SCALPING 
SCREEN 
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Symposium: 


Planning a Coal Preparation Plant 


Arranged and edited by H. B. Charmbury and Joseph W. Leonard 


H. B. CHARMBURY is Professor and Head and J. W. 
LEONARD is Research Assistant, Department of Mineral 
Preparation, College of Mineral Industries, The Pennsylvania 
State University, University Park, Pa. 


Selection of Cleaning Units 


W. M. Bertholf 


Preparation Engineer, The Colorado Fuel & Iron Corp., Pueblo, Colo. 


To establish the minimum or break-even efficien- 
cy of a preparation plant it is necessary to determine 
the ratio of production costs per ton of run-of-mine 
coal to sale price per ton of clean coal. This ratio is 
then divided by the percentage of plant recovery. 
Assume, for example, that washability data indicate 
that 80 pct of the run-of-mine coal may be recovered 
as clean coal selling for $5.50 per ton. If the same 
plant incurs $4.00 per ton mining costs and $0.25 per 
ton preparation costs, the cost to sale price ratio 
would be 4.25/5.50, or 77.3 pct. Since the plant is 
capable of recovering 80 pct of the run-of-mine coal 
the minimum plant efficiency would be 77.3/80, or 
96.6 pct. If the plant efficiency were increased to 
100 pct the limit on preparation costs would be 
increased to $0.40. Therefore, the washing opera- 
tion must be accomplished at a cost of $0.25 to $0.40 
per ton and the efficiency must be 96.6 pct or higher. 
By plotting a curve of efficiency vs preparation costs 
and taking into consideration the plant cost, feed 
rate, operating costs, and yields of the various flow- 
sheets it is possible to select a financially sound 
process. 

Table I classifies preparation processes according 
to their nature of separation. It must be remembered 
that what is thought to be ideal does not always 
prove practical under actual operation. An outstand- 
ing example is the work done on the plunger-type 


jig. It was determined by the law of equivalence 
that this unit could treat satisfactorily only sizes 
differing by no more than a ratio of 2. Yet these same 
plunger-type jigs are successfully treating sizes 
considerably greater than this ratio. 

According to Table I, the heavy density principle 
makes near-perfect cleaning possible. Degree of per- 
fection is limited only by the time needed for the 
rejects to settle and be removed from the system. It 
is important in this type of vessel to keep the feed 
well dispersed and uncrowded. Under these condi- 
tions low gravity concentration will give a sharp cut 
at high tonnages. The only disadvantage is that the 
unit itself is only a small part of the machinery 
involved. 

Units utilizing horizontal or vertical water flow 
must be given consistent, uninterrupted, and proper- 
ly sized feed. Separations based on particle surface 
characteristics are accomplished by adding chemicals 
that cause the coal particles to attach to air bubbles 
and float to the surface. The refuse particles not af- 
fected by the chemicals become wetted and remain 
in the water. The difficulty of handling the products, 
which is considerably greater than the problem of 
separation, can sometimes be reduced by desliming 
the flotation feed. 

There is no ideal process for cleaning coal. All 
processes are limited by sharpness of separation and 


Table |. Wet Cleaning Coal Processes 


Process 


Description 


Size Range 
Commonly Treated 


Typical Units 


Heavy density fluid separation Liquid chemical bath 


Finely ground magnetite particles sus- +% 


pended in water 


Sand artificially suspended in water by + 
ts 


upward water curren 
Separation based on water current 
movements 


Horizontal launders 
ey based on particle sur- 
cteristics 


chara closing of coal 


Intermittent opening and closing of 
coal bed by action of air on water 

Continuous upward water currents 

Reciprocating riffled surface 


Flotation in opening and 


DuPont process 
Davis Link-Belt Tromp Wilmot 


Chance sand process 
Full size range Baum jig 
% in. x 48 mesh Menzies cone Hydrotator 
% in. x 48 mesh Concentrator tables 
% in. x 0 mesh Rheolaveur 
48 x 200 mesh Denver Sub A 
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capacity. The following schemes show the arrange- 
ments widely used in a preparation plant: 
1. a) Heavy density fluid separation for +% in. 
b) Classification and tabling of the fines 
(—%in.). 
2. a) Treatment of full size range in Baum jig. 
b) Flotation on the extreme fines. 


Operation of Jigs 


A. P. Massmann 


3. a) Heavy density fluid separation for +% in. 
b) lLaunders for fines (—% in.). 

If the fines are too far from ideal they can be classi- 
fied before tabling. If flotation is considered, an 
appropriate feed fraction could be found in centrifu- 
gal drier effluent, underflow from dewatering screens, 
or thickener underfiows. 


Preparation Engineer, Sinclair Coal Co., St. Louis, Mo. 


Today the jig is the most universal separating 
device, handling materials ranging from meta! to 
coal to grain. When operating a coal jig it is always 
good practice to check the products by daily sink- 
float tests that will help determine the source of any 
trouble that may develop. 

It cannot be over-emiphasized that the jig should 
be kept in first class condition. Careful regular in- 
spection should be made of automatic and manual 
controls, floats, float-bearing points, water valves, air 
valves, and the transverse impulse baffle. The orifice 
and weir plates should be maintained as originally 
built, and the hutch spirals should also be regularly 
examine’ 

Feed s »uld be evenly distributed as an unsegre- 
gated beu of materials across the full width of the 
washing compartment. It has been found that most 
jigs are fed improperly, and the following faults 
have been observed: 


Unbalanced Feed. More material is fed to one side 
than to the other. 

Segregated Feed. One side or the other carries the 
bulk of the fine coal. 


Dense Medium Units 


H. E. Steinmann 


Improper Transverse Distribution. When the trans- 
verse impulse is unbalanced, the jig shows symptoms 
of an unbalanced feed, but to a lesser degree. 

Lack of Operational Continuity. Each time the 
operation stops and starts the jig bed is disrupted, 
causing a reduction in recovery and quality. 

Fluctuating Feed. Feed fluctuating over a great 
range of tonnages will penalize the jigging efficiency. 
This condition can be improved by a surge bin ahead 
of the unit. 

Neglected Screen Plate Inspection. Loose scree” 
plates can break up stratification and perforated 
screens can cause a very long delay if the cell becormes 
plugged to the top of the screen plate. 

Not long ago the popular theory was to size before 
washing. This made it very difficult to maintain steady 
feed to each jig, since the feed to each washer wes 
dependent on run-of-mine size consist. An uneven 
feed was the result, and voids in the nut and egg 
boxes made it difficult to control the beds. In view 
of this, it is recommended that feed to a jig be un- 
sized. The same homogeneous mass can be fed to 
each unit, and a much better control of the refuse 
and clean coal overflow can be maintained. 


Plant Engineer, Jones & Laughlin Steel Corp., California, Pa. 


At the Vesta mines of Jones & Laughlin near 
Pittsburgh full seam extraction was found neces- 
sary to facilitate mechanical mining. Since 2100 tph 
are fed to the preparation plant, with considerable 
variation in sink material and feed rate, a cleaning 
process was needed that would make a sharp sep- 
aration at high tonnages. To satisfy these pre- 
imposed conditions a heavy media process was 
installed. 

The heavy media operation at Vesta utilizes a 
three-product separation on the +%-in. feed. All 
of the 1.55-sp gr sink is rejected from the plant. In 
the 1.375 sink x 1.55 float gravity fraction the +1-in. 
coal is crushed and reprocessed and the —1-in. coal 
used for steam. The 1.375 float clean coal is sold for 
metallurgical and steam purposes. The coal feed to 
the 1.55-sp gr units contains 8 pct +0.10 near- 
gravity material and the separation results in 0.5 
pet sink in the float product and 1 pct float in the 
refuse. The feed to the 1.375-sp gr unit contains 
65 pct + 0.10 near-gravity material, and because of 
this separation 5 pct of the feed is misplaced. The 
media (flue dust from a magnetite sintering plant) 
contains 43 pct —325 mesh and consists of 86 pct 
magnetite material. About 0.5 lb is lost per ton of 
feed to the vessel. 

Vesta has reduced both initial costs and mainte- 
nance costs by adopting a media recovery circuit 


with a minimum amount of equipment. The thick- 
ener is used only as a sump. Magnetizing and de- 
magnetizing coils have been eliminated without 
adverse effects. Only one permanent drum-type 
magnetic separator is used on each media circuit, 
permitting the magnetite to be delivered directly to 
the medium circulating sump. This has eliminated 
the need for a densifier. Separator tailings are used 
as spray water on the prewet screens, reducing 
water requirements to a minimum. 

In building a heavy media plant an effective pre- 
screening job is essential. It is equally important to 
study screen analysis and moisture of raw coal feed. 
Heavy media equipment for a preparation plant 
should be investigated under the following con- 
ditions: 

1) When the +0.1-sp gr fraction exceeds 25 pct 
at the desired gravity. 

2) When economy dictates the need for a very 
sharp separation under any condition. 

3) When a plant feed surge bin is not feasible. 

4) When separating gravities must be changed 
from time to time. 

5) When a large size range is cleaned at one 
gravity, 

6) When separations are made at 1.45 sp gr or 
under. 
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Wet Tables and Fine Coal Rheos 


John Griffen 
Coal and Coke Consultant, Pittsburgh, Pa. 


With increased underground mine mechanization 
and the resulting increased production of fines, par- 
ticular attention must be given to the fine coal 
cleaning circuit. In this country wet tables and 
rheo fine coal units are generally used. They do an 
efficient cleaning job on fine coal from 28 to 48 mesh, 
but below this size tabling and laundering efficien- 
cies fall off rapidly. Froth flotation is needed to 
clean the extreme fines. 

Normally, efficient feed rates for wet coal tables 
are about as follows: % to 0 in., 8 to 10 tph; % to 
0 in., 6 to 8 tph; 3/16 to 0 in., 5 to 6 tph. 

Normal feed for the rheo fine coal units per inch 
of top launder feed are: % to 0 in., 4 tph; 5/16 to 0 
in., 4 tph; 3/16 to 0 in., 3 tph; % to 0 in., 2% tph. 

Proper screening of fine coal feed is important. 
Oversize refuse greater than % in. can block the 
discharge orifice, causing delays in the rheo opera- 
tions. With normal feed rate oversize coal presents 
no problem, but with a low or surging feed the 
large coal may enter the boxes. In the case of 
tables, oversize coal will lodge in the thin refuse 
bed and go out with the refuse. 

Since operating performance of wet tables and 
launders is almost identical, the determining factor 
must be derived from a study of plant site, plant 
costs, operating costs, and tonnage to be handled. 
Tables generally occupy greater floor space. For 
installations of more than six units more head is 


required to distribute the feed, and the plant vol- 
ume in such cases is probably twice the volume 
needed for rheos. There is little difference in equip- 
ment cost or horsepower except that the table has 
more motors. A rheo installation uses considerably 
less steel for chutes and sluices than a table plant 
of equal capacity, but table plants circulate less 
water than the rheos and this factor almost offsets 
the cost of power to operate the tables. Presumably 
the greater number of chutes in the table plants 
would mean increased maintenance. To utilize the 
full efficiency of the tables, some plants first use 
classifiers, but this requires more water and a varia- 
tion in the spigot discharges. The spigot product 
in turn causes variation in both quantity and qual- 
ity of feed to the tables, but spigot classifiers may 
be justified for cleaning a feed of 20 pct ash or 
higher because the refuse removal capacity of the 
tables is limited. 

A good scheme from an economy vs efficiency 
standpoint is to wash the fine coal in rheo units 
and provide a screen to separate the rheo regulating 
product at 3/16 or 1/8 in. The screen oversize is 
returned to the rheo feed, and the undersize is de- 
watered and recleaned on wet tables. Since only 
10 to 15 pct of the feed tonnage is involved, the 
single table required can usually be placed under 
the feed end of the rheo units so that no additional 
building is necessary. 


Dry Tables 
W. C. McColloch 
Coal Preparation Engineer, Roberts & Schaefer Co., Chicago 


Of all the preparation methods pneumatic clean- 
ing yields the highest Btu value for any given coal, 
since percentage of moisture is just as detrimental 
as percentage of ash. Data on a typical central 
Illinois coal, presented in Table II, show that wash- 
ing to too low an ash decreases recovery and is just 
as costly as no washing at all. For this coal 1.70 to 
1.90 sp gr is the range of greatest economy, unless 
competitive low ,ravity washing dictates otherwise. 
It is also the range in which pneumatic cleaning can 
best be utilized. 

Table II also shows only 78.5 pct recovery for 8.4 
pet ash-clean coal. As a result of washing at 1.40 
instead of 1.70 sp gr, the Btu value is increased by 
only 263, while 11.5 pct additional recovery is lost. 

A comparison with wet washed screenings shows 
that added surface moisture ranges from 3 to 6 pct. 
Assuming a value of 5 pct on the typical coal, total 
moisture (including the 14 pct bed moisture) is 
18.3 pet and the Btu vaiue is decreased to 10,152, 
which is only 10 Btu’s higher than the original raw 
coal. Obviously, with a wet process ash has been 
replaced by mcisture and the final Btu value is the 
same. 

Pneumatic equipment will not clean coal larger 
than 15g in. or wet coal finer than % in. It will not 
make a precise gravity cut or handle a large size 
range. It cannot prevent boney flats from reporting 
to clean coal, and it does not eliminate dust as a 
problem inside and outside the plant. 

The process will, however, permit fine wet coal 
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feed to be thermally dried more economically than 
fine washed coal. The dried feed can then be pneu- 
matically cleaned down to 48 mesh. Pneumatically 
cleaned coal sheds rain, flows freely in chutes and 
hoppers, is more amenable to oil treatment, and 
does not freeze during shipment. The method offers 
selectivity in reduction of free pyrite and sulfur. 
The comparatively low -operating cost of $0.48 per 
ton is about equally divided between power, labor, 
and maintenance. And, finally, pneumatic cleaning 
eliminates the problem of stream pollution. 


Table Il. Washability Data for Typical Central 


Illinois 
Specific Dry Basis Cumulative Float 

__ Gravity Wi, Ash, Wi, Ash, 
Sink Fleat Pet Pet Btu Pet Pet Btu 

1.40 78.5 84 12,950 78.5 8.4 12,950 
1.40 1.50 6.9 19.3 11,220 85.4 9.3 12,810 
1.50 1.60 2.8 26.5 10,044 88.2 9.8 12,722 
1.60 1.70 18 33.4 8,834 90.0 10.3 12,645 
1.70 1.90 2.3 43.2 7,145 92.3 111 2,507 
1.90 7.7 66.8 3,232 100.0 15.4 11,793 


Assume 14.0 Pe total moisture, $4.00 mine price per ton, and 
$3.00 freight per ton 


Delivered 
Cents Per 
Yield, Pet As Received, Btu Million Btu 

Raw Coal 100.0 10,142 34.5 
Float 1.90 92.3 10,756 34.1 
Float 1.70 90.0 10,875 34.1 
Float 1.60 88.2 10,971 34.4 
Float 1.50 85.4 11,017 34.9 
Float 1.40 78.5 11,137 36.4 


j | 
j 
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Selecting Dewatering and Drying Equipment 


George H. Kennedy and Joseph L. Walker, Jr. 


Preparation Engineer, Rochester & Pittsburgh Coal Co., Indiana, Pa., 
and Contracting Engineer, Hey! & Patterson Inc., Pittsburgh, Pa. 


Fine coal must frequently be thermally dried 
after dewatering, and removing 2% tons of —%-in. 
coal is a more formidable problem than actual 
cleaning. In selecting dewatering and drying equip- 
ment the following considerations are important: 

1) Clean coal for coke production generally re- 
quires less than 3 pct surface moisture. This factor 
necessitates thermal drying. 

2) Friable coal breaks up more in some thermal 
and mechanical driers than in others. In fine coals 
excessive degradation can increase dust and hinder 
flowability. 

3) Physical characteristics of the coal are im- 
portant to customers with plants near residential 
areas, since excessive fines may produce dust. A 
high percentage of fines can also cause impeded flow 
even though the surface moisture is only 3 pct. 

The 3gx0-in. fine coal is usually dewatered by the 
following methods: 

A %-mm vibrating screen receives the coal and 
water suspension after primary stationary screens 
in the sluices. The oversize product from the screen 
passes into centrifugal basket-type driers and the 
undersize product is thickened. Underflow from the 
thickener is then vacuum-filtered. If rotary disk 
filters are used the top size of feed should be limited 
to 28 mesh. The effluent from the basket-type cen- 
trifuges is returned to the vibrator. The vibrator 
overproduct may contain 20 pct moisture and a 
large percentage of fines, since it is not expected to 
act as a classifier. The moisture of the filter cake 
will be 20 to 25 pct, depending on the percent —200 
mesh in the product. If the centrifuge screen open- 
ing is properly selected considerable —28 mesh can 
be recovered, thereby reducing the load on the 
filters. The advantage of this system is the ease of 
layout and the complete recovery of fines. 

Sludge tanks commonly classify coal at 60 mesh, 
but any mesh separation can be made, since the 
tank area is inversely proportional to the product 
size. The drag product, containing as much as 20 
pct minus size, is fed uniformly to centrifuges for 
further drying, and the effluent from the centrifuges 
is recirculated to the sludge tank. Secondary thick- 
ening of the primary overflow from the tank re- 
moves clay slime. Underflow from the secondary 
thickening is discarded and the overflow recircu- 
lated. The main disadvantage of this system is its 
large size and the necessity of elevating the products 
to the centrifuges. Complete recovery of fines can 
be accomplished by thickening and filtering a por- 
tion of the overflow. 

The Nolan Co. has introduced the German radial 
screening plant of Hein & Lehmann to this country. 
This system eliminates power-driven primary de- 
watering equipment. The screen has a capacity of 
2.5 to 3.5 tons per sq ft per hr with a product mois- 
ture of 30 to 40 pct. 

The Bird filter utilizes a minimum of primary 
equipment for dewatering fines and can be supple- 
mented by the Bird polisher for complete recovery 
of fines. 


Rochester & Pittsburgh Coal Co. has found the 
elevator boot and horizontal filtering system an ad- 
vantage in dewatering and water clarification with- 
out degradation of the product, but cake moisture 
is high. 

The Symonds V-screen made by Nordberg Mfg. 
Co. uses a %-mm slotted drum. The axis of the 
drum moves in a %-in. vertical circular path while 
the drum rotates at 54 and 76 rpm about the axis, 
which rotates 14 times for each drum revolution. 
This imparts about 1000 pulsations per min, depend- 
ing on the drum speed. The V-screen has achieved 
a 50 pct moisture reduction on %4x%-in. coal in one 
installation while dewatering 70 tph of %4-in. x 20- 
mesh coal in another. 


Selecting a Fine Coal Centrifuge 

Because centrifugal coal driers are subject to ex- 
treme stresses, drying costs can run from § to 8¢ 
per ton. Despite this expense, no other unit reduces 
moisture from 25 to 6 pct or less for a comparable 
price. 

There are three basic types of centrifuges on the 
market today: 

Vertical Type With Transporting Device: This 
machine dewaters fine coal through a rigid, conical- 
shaped, perforated cast steel or bronze basket fitted 
with a set of screen plates having openings of any 
desired diameter. A flight-equipped conical drum 
inside the screen rotates the fine coal. This type is 
flexible and has the following advantages: 

The diameter of the openings in a centrifuge 
screen plate controls the plate thickness, since it is 
economically impossible to punch a plate with holes 
having diameters less than the thickness of the 
screen stock. In view of this, it becomes possible for 
the operator to adjust the screen size opening to the 
size consist of the feed, insuring greater recovery 
and maximum screen plate thickness. This increases 
screen life. 

The positive transporting action of the flights im- 
parts equal centrifugal action to the material re- 
gardless of the size consist. 

Prescreening is not necessary, since capacity does 
not vary with the size consist of the feed. 

The unit will handle feeds of 20 to 40 pct surface 
moisture. 

An ideal feed to a vertical basket-type centrifuge 
with a transporting device is 60 to 75 tph of % or 
¥%x0 coal having a surface moisture of 20 to 25 pct. 
With this type of feed a product with about 6 pct 
surface moisture at 90 to 95 pct recovery could be 
expected. 

Vertical Type Without Transporting Device: This 
machine continuously dewaters coal over a conical 
screen utilizing centrifugal force. Flushing water or 
vertical vibration is used to transport the coal. The 
screen serves as the dewatering surface as well as a 
replacement for the cast steel or bronze basket of 
the preceding type. 

Because of the rigidity necessitated by the absence 
of a basket this machine requires about 3/32-in. 
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plate thickness, which limits the holes to this bot- 
tom size. Usually the feed must be classified by wet 
screening at 28 mesh and the —28 mesh must be 
recovered by thickeners and/or filters and screens. 
These machines are reported to handle 35 to 50 tph 
or % or \%4-in. x 28-mesh coal containing 15 to 20 
pet surface moisture, delivering a filter cake with 
6 to 7 pct surface moisture at 70 to 80 pct recovery. 


Horizontal Continuous Filter Type: Fine coal 
slurry enters the machine direct from the washing 
unit, and solids are transported by a truncated 
screw conveyor across the surface of a solid trun- 
cated drum. The drum rotates in a vertical plane 
around a horizontal axis. Dried coal is discharged 
at the small end of the drum and the clarified efflu- 
ent leaves the machine at the large diameter. This 
machine is the simplest of the three types but has 
less flexibility—either the job is done in one ma- 
chine or it is not done at all. Normally this unit 
handles 40 to 50 tph of %-in. to %x0-in. coal and 
delivers a product having 9 to 12 pct surface mois- 
ture of 95 pct recovery. 

Factors Effecting Selection of a Centrifuge: The 
operator should ask himself the following questions 
when considering a centrifuge: 

1) Which machine will deliver the required 
moisture with the highest recovery? Decreasing 
moisture by increasing screen opening is poor econ- 
omy, since it is achieved at the cost of recovery. 

2) What machine has the most drying power or 
G forces? The G force can be calculated as follows: 


G (drying power) = 
Largest diam. of basket in inches x (rpm)* 


72,000 


For American coals the G force of centrifuging lies 
between 250 and 400. The G force can be changed 
by adjusting the revolutions per minute to an eco- 
nomic balance between moisture reduction and 
machine maintenance. 

3) How important is degradation? Degradation 
that occurs on entering the machine can be reduced 
by using a receiving and distributing device de- 
signed to accept the coal flow in line with the direc- 
tion of flow of feed to the machine. Degradation at 
this point should be kept to a minimum, since the 
resulting fines will leave the nit in the effiuent, 
causing reduced recovery. 

Degradation occurring on the screen plate can be 
minimized by introducing the coal uniformly 
around the top of the basket at a speed approaching 
that of the moving surface. Uneven feed distribu- 
tion can cause excessive coal degradation and ma- 
chine wear. Uniformity of feed distribution is a 
function of the number of vanes in the receiving 
element of the centrifuge. Machines using a trans- 
porting device require a clearance no greater than 
average particle size between flights and screen 
plate. If the clearance exceeds this dimension, 
degradation will result. 

The final point of degradation occurs when the 
coal leaves the machine and is placed on the con- 
veyor. Since the coal is dry and moving at its maxi- 
mum rate of speed and must be brought to a com- 
plete stop, degradation control is very difficult. It 
can be minimized by replacing the metal or concrete 
wear rings at the bottom of verticle centrifuges with 
rubber skirts stretched in the direction of movement 
of the centrifuge cake. This will cushion the im- 
pact of the coal. 


1330—MINING ENGINEERING, DECEMBER 1957 


How much will the machine cost? Cost consid- 
erations should include amortization, interest, and 
operating and maintenance costs. The type of cen- 
trifuge selected will establish the extent of the 
clarification circuit required. The horizontal filter- 
type circuit is generally simple and requires a high 
of 4 hp per ton of dried coal. Cost of installing the 
required units is about $1000 per ton of dried coal. 
The vertical basket-type machine with transporting 
device requires a circuit containing a preliminary 
dewatering device together with thickening and 
filtering equipment. This unit requires about 2 hp 
per ton of dried coal and costs $500 to $750 per ton 
of dried coal to install. The vertical basket-type 
machine without transporting device requires 
classification of the feed and often considerable 
quantities of push water, and the added water in- 
creases the number of thickening and filtering units. 
This type of circuit initially costs $750 to $1000 per 
ton of dried coal produced and requires about 2% 
hp per ton of dried coal to operate. 


Selecting Thermal Driers 

Thermal drying of bituminous coals generally 
falls into the following classification: 

Thermal Drying of Coarse Coal: Generally in wet 
preparation plants the sizes below 1 in. are ther- 
mally dried. On double screen coals such as 1x% 
in. a screen-type drier is more popular, mainly be- 
cause this type causes minimum degradation and is 
relatively simple to operate. However, on some 
driers, due to low exhaust temperature which con- 
denses the acid gases, maintenance is a considera- 
tion. The continuous carrier drier avoids the low 
exhaust temperature by a reheat device. Owing to 
the minimum amount of small particles in the ex- 
haust gases the dust collection is simple. 

Thermal Drying of Fine Coal: Drying %x0-in. 
coal and smaller sizes is a more difficult problem 
than drying coarse coal: 


1) Moisture content of the feed is high. 

2) The large amount of fines results in a high 
grain load in the exhaust gases, necessitating a high- 
efficiency dust collection system. 


Table Ill. Link-Belt Multi-Louvre Drier. Wet Washed 
Screen Analysis 


Moisture Content 


Size, Mesh Wet Coal Dried Coal 
+4 0.00 0.00 
4x8 0.27 0.24 
8x14 19.18 20.49 
14x 28 25.26 27.54 
28 x 48 17.12 19.76 
48 x 100 11.01 14.26 
100 x 100 4.28 5.07 
200 x 325 1.82 1.35 
—325 21.06 11.24 
Average moisture 19.56 8.64 


Table IV. Screen Analysis of Pelletized Coal 


Wt, Pet 


Mesh Before Storage After Storage 


arug 


| 
\ 
A +2 11.7 
2x3 9.4 
3x 10 47.2 
3 10 x 28 246 
28 x 65 6.2 
65 x 100 0.5 
—100 0.4 


Table V. Test Data on Lynnville FiuoSolids Coal Drier 


Size 1%x0 
Cubic feet per minute 20,500 21,200 
Drying temperature, °F 150-155 150 
R-H stack, pct 85-90 90 
Stack temperature, *F 140 144 
Feed, tons per hour 80.5 9.86 
Feed moisture, pct 10.57 3.86 
Total product moisture, pct 3.13 2.83 
Overfiow product moisture, pct 1.86 3.19 
Primary cyclone product moisture, pct 3.84 15.25 
Secondary cyclone product moisture, pct 4.54 3.25 


3) The fines in the dried state are dangerously 
exposed to high temperatures for an extended 
period. 

4) Moisture control of the dried product is much 
more critical than for a 1x%-in. size. 

5) The —20 mesh and 200 mesh coals in the drier 
are often in the explosive range. 


The following types of thermal driers are on the 
market today: 

Raymond Flash Drier: Combustion Engineer’s 
Raymond flash drier is widely used for coal in the 
34x0-in. range. The coal is fed into the bottom of 
the drying column and sucked up to the column 
along with the hot furnace gases by the vent fan of 
the cyclone collector. The dried coal is discharged 
through the cyclone rotary air lock. This drier can 
be adapted for drying coal with a high percentage 
of fines by recirculation of part of the dried coal to 
the feed. Use of the C. E. coal trays adapts the 
Raymond drier for drying friable coal. 

The USBM obtained the following data from the 
Rochester & Pittsburgh Coal Co. on a 60-tph flash 
drier feed at its Kent plant: 


Volume, 
Cfm, at Dust Lead, 
Coal Mois- 70°F and Grams Per 
ture, Pet 29.9-In. Hg oF Oxygen Cubic Foot 
Inlet 9.3 183 17.9 
Outlet 43 35,800 121 19.8 3.63 


Link-Belt Multi-Louvre Drier: The Multi-Louvre 
drier can be used on 1x0-in. coal but is generally 
used on the %x0-in. size. The drier consists of an 
enclosed housing in which a double-strand chain 
with a special flight raises the coal and permits it 
to flow downward over itself in a continuous shal- 
low bed. Hot gases under suction from an exhaust 
fan pass through the mechanically agitated coal bed 
to produce drying. Among other features, this drier 
lends itself to pelletizing fines in the range of 14x0 
mesh. Link-Belt made tests in which coal was con- 
ditioned in a paddle mixer screw and then dried. 
Table III presents wet washed screen analyses. 

Tests on pellets were conducted before and after 
a severe two-week weathering period, with the re- 
sults shown in Table IV. 

Baughman Verti-Vane Drier: Robert Holmes & 
Bros. Baughman drier dries coal from 2-in. stoker 
size down to %x0-in. Fed from the top, the wet 
coal moves by gravity down over a rotating inner 
element consisting of a series of cone-shaped over- 
lapping shelves. This rotating element is encased 
concentrically with a matching series of fixed coni- 
cal shelves. Drying is accomplished by exhausting 
the hot furnace gases from the outer fixed shelf 
through the coal and into the inner rotating shelves 
where the hot gas and moisture are liberated by the 
exhaust fan. The dried coal gravitates to the bottom 
where it is removed as a finished product. Among 


its other attributes, the Baughman drier keeps 
degradation to a minimum. 

The following screen analysis of friable coal from 
a central Pennsylvania mine is submitted: 


Size Feed Dried Prodact 
— % in. 100.00 100.00 
in. 75.4 75.7 
— 3/16 in. 48.1 49.7 
— % in, 18.4 18.5 
—10 mesh 4.0 5.0 


The Parry Drier: The Parry drier, manufactured 
by the Silver Engineering Works of Denver, consists 
of a drying column in which hot gases entrain the 
%x0-in. screw-fed coal. The coal in the drying 
column settles in the primary settling chamber, 
where it is discharged by a rotary vane. The gases 
with fines pass through high-efficiency cyclones that 
collect the dust for furnace fuel while exhausting 
the gases. Gas from the settling chamber is recycled 
to the furnace. Safe operation is maintained by the 
inert atmosphere produced by the recycled gas, 
which is low in oxygen. 

Also, because the drier is under a slight positive 
internal pressure oxygen seepage from the atmos- 
phere is eliminated. Under normal operation oxy- 
gen content varies between 2 and 3 pct and when 
the drier is started, either with gas or oil, coal is 
admitted only after the oxygen content drops below 
8 pet. The Parry drier gives quick drying with 
minimum degradation. The practice of burning the 
finer portion of the dried product is advantageous in 
that it serves both to produce heat for drying and 
removes objectionable fines from the product. The 
inert atmosphere of drying results in safe operating 
conditions. To date, the Parry drier has been in 
operation on sub-bituminous and lignite coals. A 
typical unit of 36-million Btu will dry 93 tph of 20- 
pet surface moisture coal. 

McNally Pulso Drier: The McNally Pittsburgh 
Mfg. Co. Pulso drier consists of a declined shaker 
screen on which %x0-in. coal and larger is dried 
by a flow of gases from below the screen deck. Fines 
sifting through the screen are dried as they fall 
through the hot gases and are transported together 
with the dried overproduct on the evacuation screw. 
Fines that are entrained in the gas stream above the 
coal bed are recovered in cyclone dust collectors. 
The siow movement of the uniformly distributed 
coal on the shaker screen keeps degradation to a 
minimum. 

The following data was obtained by the USBM on 
a test of the 40-tph feed to the Ernest Plant Pulso 
drier of Rochester & Pittsburgh Coal Co. 


Volume 
Cfm, at Dust Lead, 
Coal Mois- 790° — Grams per 
ture, Pet 29.9-In. Hg oF Oxygen Cubic Feot 
Inlet 14.8 1153 16.1 
Outlet 46 37,600 272 18.8 3.1 


Dorrco FluoSolids Drier: The FluoSolids drier, 
manufactured by Dorr-Oliver Inc., is normally fed 
¥x0-in. coal but can handle sizes up to 1%x0-in. 
Wet coal is introduced by a screw into a reactor of 
fluidized coal. The coal bed in the reactor is kept 
fluid by an emission of hot gases through a specially 
designed constriction plate. Fine coal and moisture 
from the reactor are collected in a cyclone. Larger 
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particles are discharged from the reactor at a point 
just below the bed level. The air heater for making 
the hot gases is fed a mixture of pulverized coal, 
fresh air, and recycled hot gas that bypassed fluid- 
ization. Temperatures of fluidization are controlled 
by varying the feed or firing rate. At the Sinclair 


Coal Co. plant, Lynnville, Ind., a reactor 7 ft ID is 
drying 70 to 90 tph of %x0-in. metallurgical coal, 
using approximately 23,000 cfm. Temperature in 
the bed is held at 150° to 155°F with no signs of 
oxidation. Data for the Lynnville plant are pre- 
sented in Table V. 


Dewatering Screens 


Orrin T. Barrett 
Coal Preparation Engineer, Indiana, Pa. 


Specific reasons for dewatering coal can be 
grouped under two headings. First, material hand- 
ling problems which include the flow of fine coal in 
chutes and hoppers, disposition of slurries produced 
as a byproduct of the preparation process, and un- 
loading of coal from railroad cars in freezing weath- 
er. Second, the low moisture content specified by 
customers—because moisture reduces the heating 
value per ton, additional heating value is lost owing 
to evaporation of water during the burning process, 
and freight must be paid for transportation of mois- 
ture in the coal. 

Selection of dewatering equipment is influenced 
by the varying conditions at different plants, by the 
extent of dewatering necessary, and by the eco- 
nomic factors involved. 

Some of the more important variables that must 
be known are: size distribution of material, system 
of mining, type of coal being mined, geographic lo- 
cation and physical limitations of the plant, market 
requirements, and material handling and prepara- 
tion methods being used. The degree of dewatering 
depends on market and flowsheet requirements. The 
original investment must be geared to the company’s 
economy and should be selected for low mainte- 
nance and operating costs. These last two items 
vary widely for different types of equipment. 

Most dewatering installations remove dirty water 
from the solids by electrically activated or mechani- 
cally activated unbalanced shaft-type vibrating 
screens. Usually a high frequency stroke is desir- 
able, since these screens operate in a near horizontal 
position. To move the dewatered material the vi- 
brating stroke should be at an acute angle with the 
vibrating deck. In general, the decking should be 


of the bar type, with continuous openings running 
the length of the screen, and should be non-blinding. 
The open area should be as great as possible, but 
with bars heavy enough to maintain uniform open- 
ings. Openings as narrow as % mm can be used 
successfully in some cases, but the more common 
lower limit is % mm. The slope of the screen deck 
is usually uphill and should be adjusted so that the 
solids are conveyed at the proper speed. Width and 
length of the screens should be carefully selected 
to handle properly the quantities of water and solids 
present. The screen should be narrow enough to 
facilitate maintaining a bed at all times. To help 
dewater solids, it is sometimes wise to place a dam 
near the center of the screen, just high enough to 
prevent flooding but not so high that a thick bed 
will build up on the screen. 

For best results most of the water should be re- 
moved on the first half of the screen, and a fairly 
thin filter bed should be formed as soon as possible 
to retain as much of the fine sizes as possible. Water 
in the feed should be kept to a minimum, and any 
fine sizes that may be recirculated from this unit 
or some other unit should be placed evenly and gen- 
tly on top of the bed after it is well formed. 

Almost any type of feed can be handled success- 
fully on a vibrating screen provided that the size 
distribution of the solid material is suitable for 
forming a bed. Some examples are the wet sizing 
screen, settling cone, rheolaveur, cyclone, and wet 
table underfiows. 

Vibrators do not achicve a complcte dewatering 
job and must often be supplemented by settling 
tanks, cyclones, settling ponds, centrifuges, vacuum 
filters and, finally, thermal driers. 


Centrifuges 


W. L. McMorris 
General Manager, Coal Preparation and Distribution, U. S. Steel Corp., Pittsburgh, Pa. 


In terms of the amount of water removed per dol- 
lar, the centrifuge ranks highest. Dewatering ef- 
fected by any of the three types of centrifuges de- 
pends chiefly on the percent of —325 mesh material 
in the feed. 

Solid bowl centrifuges or vacuum filters following 
screen basket units recover a high percentage of the 
fines, and where recirculation without complete 
clarification is practiced, recovery approaches 100 
pet. 

The slime sizes must depart from the plant at 
some point, and if they leave with the clean coal 
the mechanical dewatering will be less complete, 
increasing thermal drying costs or even determining 
the application of thermal drying. The slime sizes, 
being high in ash, can more economically be removed 
as part of the total refuse. 
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The effect of slimes on product moisture is illus- 
trated by data showing solid bowl units producing 
surface moistures in the range of 11 to 13 pct where 
no attempt had been made to prevent the centrifuge 
from recovering these slimes. On the other hand, 
with the same type of unit in another plant where 
60 pct of the —200 mesh material had been removed 
from the circuit, cake moisture was about 6 pct. 

The difference in weight recovery of raw coal as 
mined would be about 2 pct in favor of the complete 
recovery. However, that 2 tons out of 100 tons of 
fines would carry with it 6.5 tons of extra water, 
which would have to be evaporated at a cost of 
$2.00 to $2.50 per ton of evaporation. It is hardly 
worth recovering 2 tons at such a price. 

When a dewatering circuit utilizing some form of 
centrifuge is selected, the possibility of removing 


the slimes early in the dewatering process should 
not be overlooked. 

Early maintenance of centrifugal units is always 
more economical than wearing renewable parts to 


destruction. The adverse effect on product accept- 
ability where heat driers are not used can quickly 
outweigh the cost of more frequent attention to 
mechanical units. 


Thermal Driers 


Earl R. McMillan 
Manager of Coal Operations, Northwest Improvement Co., Seattle 


To prevent coal freezing in shipment, Northwest 
Improvement Co. resorted to heat drying after wet 
washing units were installed. This provided cus- 
tomers with a coal easy to handle, with minimum 
dust losses and maximum Btu’s as a result of the 
low 3 pct surface moisture. 

A drier installation should not only increase ef- 
ficiency but should also be justified on a sound eco- 
nomic basis. For example, to reduce moisture from 
9 to 3 pct on coal costing $7.00 per ton, 6 pct of the 
cost, or 42¢ per ton must be the limiting drying costs. 

In the company plants the -+ 44-in. coal is cleaned 
in jigs, dewatered, and dried in downdraft McNally 
driers, which handle 65 tph at a relatively low 500° 
to 600°F. The high efficiency results from the fact 
that the exhaust gases from the boiler plants are 
used to heat dry, while the screening action accom- 
plishes mechanical dewatering. This thermo-me- 
chanical combination makes higher gas temperatures 
and increased mechanical dewatering possible. Be- 
cause of this increased efficiency 50 pct of the sur- 
face moisture is removed with the exhaust gases 
saturated and near the dew point. Corrosion at this 
high moisture at first caused excessive maintenance, 
but this was corrected by using stainless steel fan 
blades, lining the contact metals with a special tar, 
and using a concrete elbow at the entrance of the 
exhaust fan. Since 1937 the drier has treated 2% 
million tons of coal, and today its maintenance is 
negligible. 

The —%-in. coal plus the crushed middlings is 
cleaned on tables, but because of high coal losses, 
the new McNally three-product feldspar jigs are 
being installed. 

All of the washed —%-in. clean coal together 
with the sludge from the settling tank is delivered 
to a CMI centrifuge. Here the coarse sizes, % x 
%-in., are blended with the sludge to yield a 9 pct 
moisture product. Centrifuge products with less than 
9 pct moisture tended to cause degradation, whereas 
more than 9 pct moisture increased the cost of heat 
drying. 


Table Vi. Heat Drying Performance on 4 x 0-In. Coal 


Feed: 60 tph of %& x 0-in. at 9 pet surface moisture 
Product: 56 tph at 3 pct surface moisture 
Temperature of hot gases, 450° to 500°F 
Temperature of exhaust gases, 130° to 140°F 
Temperature of discharge coal, 80° to 90°F 


Total Operating Costs for 200,000 Tons Per Year, 250 Days Per Year 
Cost per Ton, $ 


Labor, two manshifts per day 0.051 
Coal and fuel, 112 tph at $4.00 per ton 0.035 
Power, 100 kw-hr at 0.8¢ per kw-hr 0.015 
Supplies, $8.00 per day or $2000 per year 0.010 
Repairs, $20.00 per day or $5000 per year 0.025 
Interests and depreciation, 12 pct on $0.00,000 0.060 

Total 0.196 


The % x 0-in. coal drier considered in Table VI 
has operated six years without major maintenance. 
Daily laboratory moisture records seldom vary more 
than 0.5 pct. 

The high drying efficiency and lack of dust and 
degradation are mostly the result of the fluidization 
attained on properly conditioned feeds. To be truly 
fluidized, a coal must be vertically static, but it can- 
not be vertically entrained at high speed. A feed 
greater than 10 pct moisture tends to pack and can- 
not be properly fluidized. This reduces drying ef- 
ficiency, requires higher temperatures, and causes 
increased loss and degradation. 

Feeding coals at high moisture by spraying them 
is not new. This system must operate at high tem- 
peratures and is said to be inefficient. In all quick 
driers the fact that water is removed almost in- 
stantly and the saturated gases recirculated excludes 
the possibility of drying by evaporation; water re- 
moved by ebulition must be first brought up to its 
temperature of ebulition, namely 212°F at normal 
pressure; accordingly, hot gases at temperatures 
higher than 1200°F and in some cases higher than 
2000°F are actually required, and this implies dan- 
gers of fire and oxidation. 

Taking all factors into consideration, the real 
merits of a given heat drying installation can only 
be established over a period of years. 


Selecting Water Clarifying Equipment 


for a Coal Preparation Plant 


J. M. Vonfeld 
Product Control Manager, Pittsburgh Coal Co. Division of Pittsburgh Consolidation Coal Co. 


Owing to mechanical mining, water clarification 
has become a problem of major importance. The 
resulting increase in fine coal and impurities, to- 
gether with the wet screening of raw coal neces- 
sitated by wet dust alloying practices, increases 
washery water slime content. Also, the longer con- 
tent period of shale with water has increased the 
slime centent to a point where more and more fines 


must be wasted, since they combine with the slimes 
and become high in ash. The net result is that 2- 
million tons of bituminous coal are lost annually, 
of which 1 million is coking coal. Recovery of this 
fine coking coal both improves the coke blend and 
contributes to limited coking coal reserves. 

An adequately designed water clarification, there- 
fore, is essential for clarified water as well as 


DECEMBER 1957, MINING ENGINEERING—1333 


plant efficiency. A good clarification system should 
provide the following: 

1) It should control the water solid content, for 
any solids built up will affect the fine coal cleaning 
units and, eventually, the coarse coal separating de- 
vices. The tolerance of solids in circulating water 
depends upon the type of unit, the operating gravity, 
and the specific gravity distribution of the raw feed. 
For instance, an excess of 10 pct solids will affect 
the operation of rheos or tables, whereas a hydro- 
separator will function efficiently with 25 to 30 pct 
solids in water. In view of this, it is common practice 
to return enough solids in the system to attain the 
optimum concentration by recirculation before start- 
ing the day’s operation. 

The clarification system should be designed to 
recover the maximum amount of coal, as some plants 
are losing as much as 5 pct of total production in 
their waste water. Unfortunately, great effort is ex- 
pended not only to get this coal to the plant but also 
to reject it from the plant. Some companies send 
the slimes to separate refuse dumps for future re- 
covery instead of discharging it with larger material 
which makes its future recovery impossible. 

It should provide water storage for periods 
of drought. Conservation of water is also particular- 
ly important where water supply requires extensive 
treatment to prevent corrosion. The ideal system 
would recover the water so that it could be used to 
pump gland lubrication, compressor cooling water, 
and rinse water for media recovery and coal sur- 
face cleaning. 

The water clarifying system must adhere to the 
water pollution laws of the state. The ideal system, 
of course, would be one in which no plant effluent 
is ever wasted. Since this condition cannot be met 
because of feed and product moisture differences as 
well as excessive pump gland and compressor cool- 
ing water production, plant bleed becomes a neces- 
sity. For these reasons the solid content of the water 
should be kept within the legal limits. 

To satisfy the design requirements of a water 
clarification system the coal preparation engineer 
must consider the following five phases of clarifica- 
tion: 

Classification: Although many devices are avail- 
able, the cyclone is probably best because of its low 
cost and flexibility. Large low pressure units from 
20 in. to 4 ft diam can be used to remove coarse 
pyrite and shale prior to the high pressure small 
cyclone classification. A large cyclone reduces abra- 
sive wear and conditions the feed to the smaller 
cyclones. 

Cleaning: For material smaller than 28 mesh 
there are three alternatives: 

Froth flotation, where minimum (1 to 2 lb per 
ton) reagents are used. 

Matte-type flotation, which produces drier froth 
and larger coal particles at the expense of four to 
five times normal reagent consumption. 

Convertol bulk oil separation where 5 to 10 pct 
oil by weight is needed. This gives a drier froth than 
the other systems, but its use will probably be 
limited to coking coal where greater realization can 
be attained. 

Filtering: Opinion is divided on vacuum filters vs 
solid bow] centrifuges. Centrifuges encounter difficul- 
ty in plants with high ash fines. In the selection of vac- 
uum filter both the drum and disk types should be 
considered. The drum filter usually handles the 
coarse size fines and requires a greater floor area 
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than the disk filter. If plant bleed is to be minimized 
some sort of vacuum filter must be utilized. 

Flocculation: A flocculating agent will increase 
the capacity of the clarifiers as well as the quality 
of the effluent. Use of flocculation for a given circuit 
should be carefully studied, since each problem is 
different. Many synthetic organic flocculants are 
being produced that give excellent results. Experi- 
ence indicates that properly prepared starch solu- 
tions can be equally effective. It is hoped that the 
cost of flocculating agents can be reduced so that it 
will be possible to economize by using them. 

Sedimentation: Proper selection of sedimentation 
equipment is the key to satisfactory water clarifi- 
cation. For thickening and clarifying, circular sedi- 
mentation basins with scraper blades to remove the 
settled solids have been used for years. They offer 
the most flexible method of continuously recovering 
the solids from the system while at the same time 
producing clear water for re-use. Although their 
first cost is high their maintenance and operating 
cost are negligibie. Since the capacity of a sedimen- 
tation basin is directly proportional to its area, at 
least 30 pct excess capacity should be given to ma- 
chines that can remove froth from the surface. 
Cleaner bleed water will be produced if a take-off 
pipe is submerged a short distance below surface to 
help avoid solids contamination from the froth. 
There should be enough depth for storage of both 
sludge and clear water. With ample clear water 
above the settled solids, there will be less likelihood 
that feed variations will affect the quality of the 
overflow. 

The following two circuits, currently in satisfac- 
tory operation, illustrate the use of some of the 
equipment discussed. 

At the Jamison mine No. 21 preparation plant the 
Y in. x 14 mesh table clean coal is dewatered and 
screened at 14 mesh. The 14 x 0 mesh is then pumped 
to 20-in. cyclones, where the overflow is deslimed in 
10-in. cyclones. Underflow from both units is filtered 
on a top feed drum filter and the produce loaded 
with the clean coal. The effluent from the 10-in. 
cyclones and the drum filter is sent to the thickener 
with the —28 mesh refuse, which is added to im- 
prove filtration of the thickener underflow. Thick- 
ener feed is treated with causticized cornstarch to 
increase the settling rate of the solids and to improve 
the clarity of the overflow water. Underflow from 
the thickener flows by gravity to submerged disk 
filters in which the submergence level is float-con- 
trolled. This device permits withdrawing thickener 
overflow at a relatively low solids content without 
influencing operation of the final disk filter. 

In this scheme the final filter is able to maintain a 
relatively thick and dry cake, which is disposed of 
with the coarse refuse. There is no bleed from this 
circuit, but some water must be added to compen- 
sate for thermal drying losses. When the thickener 
overfiow is returned to the table plant for dressing 
water, the separation can easily be observed, since 
the water is clear. This system worked satisfactorily 
under widely varying conditions, and the possibility 
of recovering some coal from the 10-in. cyclone 
overflow is being investigated. 

At Pittsburgh Coal Co. Champion No. 1 overflow 
from the dirty water sump is pumped to two thick- 
eners. The first, a 60-in. center drive thickener, is 
operated as a classifier and the second, a 35-in. diam, 
is operated as a clarifier. Underflow from these thick- 
eners is pumped to the froth flotation conditioning 


| 
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tank, from which the diluted underflow is distrib- 
uted to two tanks of six 50-cu ft cells and one tank 
with five cells of the same size. Froth from these 
cells is dewatered on two drum-type filters and sent 
to clean coal. The tailings are treated with caus- 
ticized cornstarch and sent to the 85-ft thickener, 
which is operated as a classifier. Overflow from this 
thickener is re-used as spray water. The underflow 


is currently being pumped to a nearby strip pit but 
can, if necessary, be filtered on a drum-type ma- 
chine. During 20 years of successful operation plant 
raw feed has been increased from 800 tons to more 
than 1200 tph and the reject has gone from 10 to 
28 pct. The only change in this circuit has been the 
addition of five froth cells, which are now being 
modified to gain greater capacity. 


Influence of Circulating Water Quality on Coal 
Preparation Plant Performance 


Thomas M. Larimer 


Superintendent, Coal and Coke Handling, Clariton Coke & Chemical Works, 
U. S. Steel Corp., Pittsburgh, Po. 


In a closed system, it is more difficult to take cor- 
rective action once the solids in the water have ex- 
ceeded maximum limits. This condition may force 
reduced feed to the plant, resulting in higher pro- 
duction costs. 

For successful operation of a wet cleaning plant 
the solids must be removed after concentration by 
pump to waste disposal, filter and delivery to waste, 
or filter and delivery to clean coal product. 

The first method requires waste disposal property 
and large volumes of make-up water. The second 
and third methods will provide a closed water sys- 
tem if the proper water clarification and filtering 
equipment are used. In a closed system all of the 
solids must be removed or they will build up to a 
point where efficient coal cleaning is impeded—caus- 
ing high ash, high sulfur, and high moisture in the 
product. 

The Clariton preparation plant operated for 20 
years on a closed system cleaning hand-mined coal. 
However, when mechanical mining was installed the 
increase in —20 mesh material upped the solids 
content of the water to 30 pct. To reduce this inef- 
ficiency additional water clarification equipment 
was installed. The new installation successfully con- 
tained the solids within 5.8 to 7.8 pct and the per- 
centage —325 mesh material was held in a range of 
90.3 to 93.8 pct. The Clarion plant was found to give 
best results with a solids content of 5 to 8 pct. 

Although the plant was designed to handle 600 
tph, it has been handling 850 tph in a closed water 
system. More recently the continued increase in 
mechanical mining with the resulting increase in 
fines and clay has overloaded the fine coal cleaning 
plant as well as the clarification equipment in order 
to reduce the present 11 pct solids in the water. At 
this concentration it is possible to maintain a feed 
rate only at the expense of efficiency. 

Clarification at the plant is as follows: 

1) Since not all of the 5/16 x 0-in. material 
from the sealed discharged plant can settle out in 
the tanks, some of the 5/16-in. x 20-mesh coal over- 
flows to the clarification plant instead of settling out 
and being pumped to the free discharge plant. The 
reduced load and blinding in the dewatering eleva- 
tor buckets resulting from the misplaced material 
causes pumping of water to the feed end of A laun- 
der. This condition upsets the stratification of the 
launder beds and sends considerable middling to 
refuse. By operating only one side of the A and B 
launders with reduced or even closed orifices the 
stratification can be maintained. 


2) The water clarification plant includes gravity- 
type thickeners, cyclone thickeners, vacuum filters, 
and a centrifuge. Overflow from the settling tanks, 
which contain the misplaced 5/16 in. x 20 mesh coal 
and fine ash suspensions, is concentrated in the 
thickeners, and the underflow reports to the clean 
coal via filters and centrifuge. The coarse material 
lies on the filter tubes and is conveyed on the tubes 
of the vacuum filter to clean coal at a high moisture. 

The increased colloidal coal and clay aggravate 
the problem, since they eventually report to the 
water system in a closed circuit. Thus fine material 
blinds the filter screen cloth, reducing filter efficiency 
and causing a high moisture product. 

During periods when stock coal is fed to the 
washer, the solids content may increase to 17 to 
19 pct. At such times operating difficulties multiply. 
As much as 40 to 50 pct of the 5/16-in. x 20-mesh 
material overflows the settling tank and reports to 
the clarification plant, overloading the plant and re- 
sulting in a high moisture filter product. 

Too high a solids concentration can produce in- 
efficiencies; so also do concentrations of 1 to 4 pct. 
When the gravity of the water is low the launder 
beds become more dense and stratification is re- 
tarded, so that less high ash material is drawn off 
and middling recirculation is increased. This re- 
circulated build-up continues until the 5/16-in. 
x 20-mesh material exceeds the capacity of the el- 
evator buckets feeding the plant. The only way to 
relieve this and maintain tonnage is to block up 
many of the end boxes on the C launder, sending 
middling material to the clean coal and of course 
reducing plant efficiency. 
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Intelligent Taxation Aids Canada’s 


Mineral Development 


OR twelve successive years Canada’s mineral 

production has shown a steady increase, rising 
from a value of $0.5 billion in 1945 to $2.06 billion 
in 1956, and the outlook for the future is one of 
continued growth. 

A great deal of credit for this growth must go to 
Canada’s tax policies, which recognize that mines 
are difficult and costly to find, and that once found, 
they are a wasting asset. These tax policies take form 
under the Income Tax Act, which provides a tax- 
free period of three years on initial production for 
new mines and, after that period is over, allows all 
proper expenses of operation to be deducted from 
mine revenue. These allowable expenses include 
write-off of plant and pre-production development 
expenditures. From the resulting profit figure after 
this procedure, a further deduction of one-third is 
allowed for depletion before net taxable income is 
arrived at. Tax rates of 20 pct on the first $20,000 
and 47 pct on the excess are then applicable to the 
net taxable income. 


The reader will at once be impressed with the 
encouragement that this enlightened tax statute 
gives to venture capital, for it provides the means 
whereby such capital can be recovered from first 
profits and a working capital position built up before 
the full impact of the tax rates cited above is felt. 
These tax rates are even reduced by one-third 
through the workings of the depletion allowance. 
And, in discussing encouragement to venture capital 
in Canada, it must not be overlooked that the Income 
Tax Act levies a tax on income only—not on capital 
gains. The example in Table I clarifies the workings 
of Canadian law in the case of mines other than a 
gold mine. (For gold mines, the depletion rate is 40 
pet of profits instead of a third, or $4.00 per ounce of 
gold produced, whichever is more favorable to the 
producer). 

Once the venture capital is recovered in the form 
of depletion, depreciation, and pre-production and 
deferred development write-offs, Canada justly re- 
ceives higher tax revenues which, in the example 


Canadian Mineral Production, 1955 and 1956* 


1955 1956 
Quantity Quantity 


1955 1956 
Quantity Quantity 


Value, $ Value, $ Value, $ Value, $ 

Metallics Neon-metallics 
Antimony, Ib 2,021,726 563,345 1,820,000 576,300 Arsenious ox- 
Bisrauth, lb 265,896 572,362 273,007 494,157 ide, lb 1,571,787 69,159 2,624,757 86,617 
Cadmium, Ib 1,919,081 3,262,439 2,258,184 3,838,913 Asbestos, ton 1,063,802 96,191,317 1,038,975 109,665,924 
Cerium, rare Barite, ton 253,736 2,277,166 307,808 2,509,199 

earths, Ib 988 — Diatomite, ton 16 352 
Cobalt, Ib 3,318,637 8,563,700 3,685,956 9,372,760 Feldspar, ton 18,152 355,879 17,763 365,370 
Columbium Fluorspar, ton 128,114 2,708,437 151,738 3,835,565 

(CheOs), Ib 1,032 Graphite —_ 
Copper, Ib 651,987,423 239,756,455 706,585,547 291,469,615 Grindstones, ton 10 1,500 _ — 
Gold, troy oz 4,541,962 156,788,528 4,378,862 150,808,010 Gypsum, ton 4,667,901 8,037,153 5,192,805 8,300,585 
Indium, troy oz 104,774 232,598 358,000 805,500 Iron oxides, ton “ 162,512 7,757 170,135 
Iron ore, ton 16,283,177 110,435,850 22,526,311 156,327,885 Lithia, Ib 114,376 61,752 4,800,000 2,640,000 
Iron ingots, ton 115,955 4,831,845 157,000 6,339,000 Magnesitic-dolo- 

Lead, Ib 405,525,038 58,314,500 373,349,541 57,906,514 mite and bruc- 
Magnesium and ite — 2,151,820 — 2,412,000 

calcium _ 6,585,409 — 5,617,826 Mica, Ib 1,640,708 77,541 1,184,542 73,622 
Manganese ore 1,900 Mineral waters, 

Mercury, Ib 75 250 — — gal 306,683 160,510 303,500 157,000 
Molybdenite Nepheline sye- 

(MoS:), Ib 1,389,177 823,954 1,452,028 967,461 nite, ton 146,068 2,099,512 179,381 2,489,633 
Nickel, Ib 349,856,997 215,866,007 355,986,460 223,343,992 Peat, moss, ton 117,579 3,485,287 125,074 3,708,191 
Palladium, irid- Quartz, ton 1,869,913 2,039,575 2,114,415 2,781,236 

ium, etc., troy Salt, ton 1,244,761 10,122,299 1,593,131 13,916,532 

oz 214,252 8,321,633 161,600 6,495,065 Silica brick, M 4,763 602,625 5,576 705,077 
Platinum, troy Soapstone and 

oz 170,494 14,747,732 150,000 15,585,000 talc, ton 27,160 338,967 29,030 358,750 
Selenium, lb 427,109 3,203,319 508,000 6,858,000 Sodium sulphate, 

Silver, troy oz 27,984,204 24,676,472 28,794,573 25,831,612 ton 178,888 2,799,715 179,438 2,854,223 
Tantalum Sulphur, (pyrite 

(TazOs), Ib 390 9,760 and smelter), 

Tellurium, Ib 9,014 15,774 24,000 42,000 ton 628,443 5,984,953 763,736 7,440,410 
Thallium, Ib 275 378 _ — Titanium diox- 

Tin, Ib 492,781 408,030 611,000 521,550 ide, ton 117,042 5,192,810 152,500 6,771,000 
Titanium ore, Total non- 

ton 1,464 10,634 4,443 37,100 metallics — 144,920,841 — 171,241,069 
Tungsten (WOs), Structural 

Ib- 1,942,770 5,508,437 2,206,662 6,060,992 materials 
Uranium 26,031,604 39,577,000 Clay products 
Zine, Ib 266,714,038 118,306,466 847,239,825 125,476,218 (brick, tile, 

Total metallics — 1,007,839,501 — 1,134,354,370 etc.) — 35,259,770 —_ 38,062,112 

Fuels Cement, bbl 25,168,464 65,650,025 29,719,377 77,876,046 
Coal, ton 14,818,880 93,579,471 14,915,033 95,466,866 Lime, ton 1,331,118 15,810,904 1,303,889 15,328,917 
Natural gas, Sand and gravel, 

M cu ft 150,772,312 15,098,508 173,260,500 17,542,555 ton 127,524,474 67,775,053 128,995,782 72,637,049 
Peat Stone, ton 30,512,920 43,736,687 31,549,706 43,349,462 
Petroleum, Total structural 

crude, bbl 129,440,247 305,640,036 170,569,200 401,840,650 materials — 228,232,439 — 247,253,586 

Total fuels _ 414,318,015 -- 514,850,071 GRAND TOTAL — 1,795,310,796 — 2,067,699,006 


* Preliminary figures of Canadian Bureau of Statistics. 
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Canada’s fast-paced minerals development program is being led by such projects as this one in the Blind River uranium region of 
Ontario. The Consolidated Denison Mines Ltd. concentrator pictured will soon be milling 6000 tpd of ore. 


given in Table I, would be $464,600 instead of $119,- 
933 ($1.5 million, plus one-third depletion allowance, 
leaving $1 million subject to tax). Canada has recog- 
nized the capital risks inherent in mine development 
through its tax incentives, and it has recognized the 
exhaustible nature of ore deposits—through depletion 
allowance based on profits. The result: development 
of mineral resources at a pace nowhere equaled in 
the world. 

Table II shows what this new mine development 
has meant in jobs, salaries, wages, and corporation 


Table |. Worked Example of Tax Law Applications 


Net smelter returns $3,500,000 
Less operating expenses 2,000,000 
Operating profit $1,500,000 
Deduct depreciation of plant and one, $500,000; 

pre-production development, $400,000; inside and out- 

side exploration, $200,000 $1,100,000 
Profit before depletion allowance 400,000 
Depletion at one third of above profit 133,333 
Net taxable income $266,667 


Income tax payable—20 pct on first omen and 47 pct on the ex- 
cess: $4,000 + 47 pct of $246,667 = $119, 


Table |. Effect of New Mine Development, 1945 


Through 1952 
1945 1952 
Number of employes 96,250 134,116 
Salaries and wages 185,300,000 453,000,000 
Corporation taxes paid 43,900,000 103,000,000 


Figures relate to mining only. 


Table II1. Mining Investment in Canada Per Year 


1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 


27 58 88 131 151 141 229 282 336 «49305 375 


a sommes, Canadian Bureau of Statistics. Figures are in millions ci 
joliars. 


taxes paid to the Canadian Government during the 
period 1945 to 1952. Contrary to what might be 
expected, revenue to the Canadian Government, as 
is evidenced in Table II, actually increases under 
Canada’s tax incentive policy because under such a 
policy there is unevitably an increasing number of 
mines from which to draw taxes. The figures shown 
relate to mining only. The three-year tax-free period 
and the right to recover capital outlay from first 
profits provide the extra lift needed to interest the 
capital required to get many a new property over 
the top and into production—creating many more 
mines for Canada than that nation would otherwise 
have. 

Since 1945 some $2 billion dollars of new capital 
have been invested in Canada’s mineral industry, 
which is now generally recognized as the most im- 
portant single factor in the nation’s economic growth 
over the past decade. The investment figures in 
Table III, supplied by the Canadian Bureau of 
Statistics, show this growth. 

Surprising as it may seem to some, Canada’s tre- 
mendous mineral growth has not been due merely 
to its mineral potential but has also been accelerated 
by its extremely favorable economic climate and 
government policies—particularly taxation favor- 
able for new mine development and equitable for 
existing mining ventures. To cite two cases, low- 
grade properties such as the Emerald mine in Brit- 
ish Columbia, 2.8 pct Pb and 4.0 pct Zn in 1953, and 
Barveu Mines in Quebec, 3.5 pct Zn and 1.5 oz. Ag, 
could not have been developed under tax bases 
such as exist today in Mexico. Thanks then, to Cana- 
da’s equitable tax policy new mineral development 
continues to accelerate at an unparalleled pace. 
Nev jobs are created, new businesses spring up, 
new markets appear for an endless list of products; 
there is additional business for banks, railroads and 
steamships, and new sources of revenue and foreign 
exchange for the Government. Such are the bene- 
ficial results of an intelligent, understanding tax 
law that encourages the capital outlays necessary 
for development of a nation’s mineral resources. 
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Industrial Engineering to Reduce 


Coal Mining Cost 


The need for cost control as a tool for management is be- 
coming more pronounced as the mining industry grows in- 
creasingly complex. In a highly competitive industry such as 
coal mining effective management is needed for survival. 


by William L. Zeller 


N the past 75 years industrial engineering has been 

highly developed in many fields, but the coal 

mining industry has just begun to realize its poten- 
tial for cutting costs. 

To receive the maximum benefit, a company 
should apply industrial engineering from the time 
a new installation is contemplated, but the prin- 
ciples can also be used to reduce and control the 
costs of an established operation. One company that 
had been mechanized for seven years reduced its 
total labor cost 57 pct by industrial engineering. Of 
this reduction, 20 pct was brought about by a pre- 
ventive maintenance, rebuilding, and scheduled 
lubrication program that eliminated 80 pct of the 
delay caused by mechanical and electrical failures. 
Thirty percent of the cost reduction was attributed 
to rearranging the work force into crews of the most 
effective size, changing working methods, and train- 
ing all mine supervision in the principles of the cost 
reduction program. The remaining 7 pct reduction 
was brought about by a wage incentive program for 
all the men in the mine. The productivity of this 
coal mining operation was increased from less than 
8 tons per payroll man to 20 tons. This increased 
productivity was brought about while using the 
same equipment, men, and supervision. 

Once resources have been brought to a high de- 
gree of utilization, industrial engineering can also 
maintain this level. Cost reductions alone will not 
keep a company in a strong competitive position. 
Management must have tools that will enable them 
to maintain low costs. In the past 20 years equip- 
ment and mining methods have changed consider- 
ably, and the task of operating a mine has become 
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increasingly complex. Many supervisors realize that 
methods of management effective for many years 
are becoming obsolete as their operations become 
more mechanized. For this reason a cost control 
program should be inseparable from one of cost 
reduction. 

Developing Work Standards: The first step neces- 
sary for a sound cost reduction and control program 
is accurate measurement of all work required for the 
mining operation. This measurement must be in 
terms of time, as time is the only factor common to 
all types of work. Because of the many variable 
conditions in a mine and because of differences in 
individual methods of performing a job, it is neces- 
sary to break all work into very small elements for 
analysis. An element can be defined as a basic part 
of an operation that consists of one or more motions 
regularly combined in the same sequence to accom- 
plish a definite result. 

Element times of work fall into two general cate- 
gories, constants and variables. A constant element 
time is one that is either not affected by condition 
changes or is affected in a predictable manner. The 
element of pick up shovel is considered a constant 
because a man in one mine should perform it in the 
same time as a man in a different mine. The only 
natural condition that could affect this element is the 
working height, and the difference in time caused 
by a change in height can easily be determined. A 
variable element time is one that changes in an un- 
predictable manner and can not be related to condi- 
tion changes. The time required for breaking thick 
rock with a hammer is an example. It would be im- 
practical to attempt to relate the time of this ele- 
ment with the many differing conditions and meth- 
ods encountered in its performance. Actually, there 


used, and the best method of performing the work. 


are few variables in coal mining, and these can be 
averaged with a fair amount of accuracy. 

All work elements are timed under various 
conditions that prevail in the mine until normal 
times can be assigned to them in each condition. The 
quickest safe method of performing each task is 
chosen as the one for all future calculations. 

Although the time values arrived at through time 
studies represent work being done at normal rates 
of speed, it would be difficult, if not impossible, for 
a man to perform at this pace for an entire shift 
because of fatigue. Allowance for rest and relaxa- 
tion is added, therefore, to each of the element 
times. The amount of this allowance varies among 
elements depending on the effort expended in per- 
formance. This allowance, when properly applied, 
will enable men to work for an entire shift without 
suffering undue fatigue while meeting the work 
schedules set up from the time study data. 

After element times have been established for all 
phases of coal production and the fatigue allowance 
made, working standards can be formulated. The 
standards are made by adding together all the ele- 
ment times necessary to perform the cycles, such as 
cutting and loading. The sequence of the elements 
is arranged to minimize the delay time inherent in 
most mining cycles. The various cycles are then 
balanced as closely as possible by taking certain 
work, such as rock dusting, from one cycle and add- 
ing it to another. Balancing the cycles of work will 
eliminate one of the chief causes of waste labor in 
coal mines. The work standards are actually sched- 
ules showing exactly what work is expected of each 
man and when it is to be done, how many men are 
necessary, what equipment should be used, and what 
method of performing the work is best. Working 


Work standards are scheduled showing the work expected of each man, the number of men necessary, the equipment to be 


standards are made for all the combinations of 
equipment and conditions in the mine. These stand- 
ards can normally be summarized in a few charts 
that cover a wide range of conditions. 

Over a period of time the working force is re- 
arranged until standard size crews are established. 
Then their methods of work are altered until they 
are reasonably close to the methods developed in 
the working standards. Rearrangement of crews and 
changes of method will appreciably lower labor cost. 

Wage Incentive: The experience of industries other 
than coal mining indicates that although most work- 
ers can be expected to produce only 75 pct of a fair 
day’s work with no form of incentive, they will 
average 115 pct of a fair day’s work with an incen- 
tive—an increase in productivity of 53 pct. In other 
words, a wage incentive can reduce fixed overhead 
costs such as salaries by 53 pct. The increased pro- 
ductivity from 75 to 100 pct of a fair day’s work will 
bring about a 33 pct saving in labor cost. A fair 
wage incentive will pay workers the same percent 
increase in wages as their percent increase in work 
over a fair day’s work, giving them an opportunity 
to increase their wages by at least 25 pct. The incen- 
tive earnings paid to the men do not increase the 
labor cost, but tend to make it a constant. For exam- 
ple, if at 75 pct of a fair day’s work the labor cost 
is $1.33 per ton, then at 100 pct the cost becomes 
$1.00 per ton. At 115 pct of a fair day’s work, the 
work becomes $0.85 per ton, but the $0.15 saving is 
paid to the men. This is the 15 pct increase in wages 
for exceeding a fair day’s work by 15 pct. There- 
fore the cost becomes a constant of $1.00 per ton. 

Calculations for wage incentive are based on time 
and conditions rather than production. In this man- 
ner, the incentive is paid for additional effort and 
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skill, which are the only fair measures of a man’s 
performance. Conditions, type of equipment, and 
mining plan do not affect the worker’s opportunity 
to make additional earnings because these factors 
alter the standards. A crew working in 3 ft of coal 
with a bad top condition can make just as much 
incentive pay as a crew working in 6 ft of coal with 
perfect conditions, even though the production of 
one crew may be half that of the other. Delays that 
cannot be prevented by the men, such as equipment 
breakdowns and power failures, do not subtract 
from the premium pay earned. During these delays 
the men earn only their base pay. Base wages, of 
course, are guaranteed. 

Predicting Future Costs and Production: Wage 
incentive makes possible the very accurate predic- 
tions of cost and production because of its stabilizing 
effect on labor. The only factors that will appre- 
ciably affect the labor cost and production are break- 
downs and changes in equipment, mining plans, and 
conditions. Change in cost and production due to 
equipment and mining plan changes can be very 
accurately calculated beforehand by using the stand- 
ard data established by the time study. Changes in 
cost and production due to condition changes can 
also be calculated beforehand with sufficient pros- 
pecting and diamond drill core information. Of 
course there are normally local condition changes 
that are not established by prospecting and drilling, 
but these should not produce an error in prediction 
greater than 5 pct. Changes in cost and production 
due to breakdowns are the most difficult to predict. 
An overhauling, preventive maintenance, and 
scheduled lubrication program should be installed in 
the very beginning of the cost reduction program. 
Mechanical and electrical failures cannot be elim- 
inated entirely, but they can be minimized to the 
point where they will not appreciably vary the cost. 

Once standard costs have been established, the 
error in predictions of total cost and production 
should be no greater than 5 pct. This accuracy in 
long range predictions can be attained by establish- 
ing five basic tools. First, a theoretically perfect cost 
goal is calculated that represents the maximum labor 
output accomplished by the most effective work 
methods without allowing for unnecessary delays or 
other forms of waste. This cost goal is broken down 
into the various components of the total cost of pro- 
duction, for example, production labor, maintenance 
labor, and preparation plant labor. Items of cost 
other than labor, such as supplies and overhead, are 
also broken down and included in the cost goal. 

The second tool is a budget cost goal. This cost is 
broken down in the same manner as the perfect cost 
goal and includes, in the various components of the 
total cost, the additional cost of a minimum amount 
of delays, inefficiencies, and other forms of waste. 
The budget cost goal is the immediate cost objective 
of a company. This is the cost that should be regu- 
larly met. 

The third requirement for control is a detailed 
plan for achieving the cost goals. This plan is em- 
bodied in the working standards and in the detailed 
analysis of supplies, maintenance, and overhead. 

The fourth tool necessary for control is an accu- 
rate record of actual costs, broken down into the 
same cost categories as the perfect and budget cost 
goals. 

Cost control stems from comparisons of actual 
costs with cost goals. These comparisons are the 
fifth tool. The first comparison between the actual 
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costs and perfect costs is made semimonthly or 
monthly. The difference between the two types of 
cost is caused by some form of waste. This com- 
parison pinpoints the areas of waste and shows man- 
agement exactly to what expense it may econom- 
ically go to correct inefficiencies, maladjustments, 
and delays in the operation. It helps reduce equip- 
ment selection to a science and minimizes errors 
sometimes found in managerial decisions. This com- 
parison also furnishes vital information for effective 
planning of other low-cost operations. 

The second comparison, between actual costs and 
budget costs, is made daily. When the actual costs 
exceed the budget costs the difference represents 
forms or amounts of waste that are subject to im- 
mediate control. By pinpointing areas of rising costs 
immediately, this comparison eliminates the neces- 
sity for a supervisor to scrutinize his entire opera- 
tion daily, allowing him to focus his efforts where 
they are most needed, with the result that rising 
costs can be brought back into line before serious 
damage is done to the total cost of production. 


Summary 

Through industrial engineering, cost reductions 
and controls can be effectively established in coal 
mining. A cost reduction program reduces ineffi- 
ciencies, breakdowns, and other delays to a min- 
imum and controls keep them at this minimum. 
Controls in business mean achieving maximum util- 
ization of the labor, equipment, and supplies of a 
company. 

The first step in gaining cost control is to estab- 
lish equitable standards of performance, from which 
definite objectives can be set up and from which 
plans for attaining each objective can be made. De- 
tailed time study analysis must be made on all work 
that is necessary to production. These studies break 
the work down into very small elements of time so 
that the effects of varying conditions on the opera- 
tions can be thoroughly examined. A proper allow- 
ance for fatigue is made by the addition of time to 
each of the elements. 

Once equitable times have been established on all 
elements of work, they are put into work schedules 
that eliminate most of the delays inherent in mining 
cycles. Then the cycles of work are balanced by dis- 
tributing the work equally among the men. These 
schedules are then used to determine standard costs, 
working methods, and crew size and can become the 
basis for a fair wage incentive. 

Wage incentive will bring about an even greater 
cost reduction end will make the cost control pro- 
gram more effective by stabilizing the labor cost and 
production. 

Budget and perfect cost goals are established from 
the work schedules based on time study. The com- 
parisons direct managerial efforts to the spot where 
they are most needed and make possible scientific 
decisions concerning future production, marketing, 
and equipment selection. They show to what extent 
management may go to correct the various forms of 
waste in their operations. 

The need for cost control as a tool for management 
is becoming more pronounced as the mining indus- 
try grows more complex. Methods of management 
used 20 years ago are rapidly becoming obsolete and 
ineffective. In a highly competitive industry such 
as coal mining effective management is necessary 
for survival. The proper application of industrial 
engineering principles will bring about a sound and 
lasting system of cost control. 


Current Technology in the 
Georgia Marble Industry : 


Crushed and ground product operations of the Calcium 
Products Div., The Georgia Marble Co. 


by Nelson Severinghaus, Jr. 


A® far back as 40 years ago management made 
the initial steps toward utilizing the large 
amount of reject marble produced by the dimension 
stone quarries in sized products. In 1947 the Cal- 
cium Products Div. of the Georgia Marble Co. was 
organized to manufacture crushed, ground, and 
screened products from Georgia marble.* It became 


* See summary of district marble operations on page 1344. 


obvious early in operations that salability of any 
products of this type was determined by several 
factors: high calcium carbonate content, whiteness, 
dryness, and cleanness. 

Because no reject material could consistently meet 
these specifications, Calcium Products Div. now 
operates three underground quarries for raw mate- 
rial feed. In underground operations no stripping 
is required, surface contamination and trash are 
eliminated, weather causes no operational difficul- 
ties, and the raw material is maintained dry for 
plant processing. 

Mining Operations 

The underground quarries are mined by the room 
and pillar system, with 40-ft rooms and 40-ft pil- 
lars. Each heading is advanced with a face 20 ft 
high using a 60-hole wedge cut. Advance is about 
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12 ft per pound. Truck-mounted Joy T-350 drills 
with 12-ft feed on hydrojibs drill 300 ft per shift 
using a 2-in. forged bit. The headings are loaded 
with Hercules Gelamite and millisecond delay caps 
and fired at the end of the shaft. Various experi- 
mental projects have resulted in the adoption of full 
hydraulically remote-controlled jumbos, steel and 
tungsten carbide bits, and modified blasting rounds. 
The natural temperature gradient between inside and 
outside air promotes enough air movement to main- 
tain diesel exhaust gas concentration well below the 
allowable maximums, but ventilation fans are used 
to promote air movement as the headings lengthen. 

The 22-B shovels load 1200 tpd of broken rock 
into 15-ton Euclid trucks for the half mile haul 
to the crushing plants. A 20° dip to the east 
from the adit entrance to the quarries necessitates 
carrying the room and pillar stoping system down- 
ward on the dip. As each room is opened up from 
two directions the floor in the room is then removed, 
ultimately yielding stopes as high as 150 ft. Stope 
backs are maintained in relatively clean conditions 
through careful scaling as each heading is driven 
and through the use of a Remington industrial gun 
to remove any pieces that may become loose after 
more than one floor has been removed. Minor varia- 
tions in room dimensions, direction, cr dip allow for 
selective mining to eliminate the production of off- 
color material. Some products are given no color 
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Channeling machines and drifters operating on floor of the dimension stone quarry. 


specification to allow for better quarry development. 

Gasoline-powered Joy Model 12 diamond drills 
with EX size tools are used both fov outside explora- 
tory holes and as an indicator for underground de- 
velopment work. Small water seepages cause little 
difficulty and are easily contained and pumped. Owing 
to the extreme whiteness of the rock it is possible 
to light an entire working area with a single 1000- 
watt light. 


Preparation Plants 

At this point it might be well to mention that the 
entire growth of the Calcium Products Div. has 
taken place during the last ten years. As a result 
of this rapid growth, production from the under- 
ground quarries may go to any one of three primary 
jaw crushers that supply five plants. Three of these 
are basically crushing and screening plants, remov- 
ing desirable screened products and feeding the re- 
maining sizes to Raymond roller mills for further 
reduction. The fourth plant utilizes the fines as pro- 
duced by the primary crusher as feed for Raymond 
mills, while the oversize is passed on to the fifth 
plant where conical ball mills are used for wet 
grinding. 

Process Flowsheet 

Taken one at a time the operations are as follows: 
In each case 24 x 36-in. jaw crushers serve as the 
primary crushers. Material is then passed through 
a Traylor-type TY gyratory crusher or a Williams 
hammermill for secondary crushing and thence to 
screening. Allis-Chalmers, Seco, or Productive 
Equipment 4 x 8-ft or 4 x 10-ft screens grade prod- 
ucts, beginning generally at % in. and going down 
through 50 mesh. In each case oversize material is 
returned to the secondary crusher for further re- 
duction. As each particular size range material is 
removed it is passed to individual storage bins, 
which vary in capacity with relative production 
quantities. From storage the sized products pass to 
valve-type bag packers and into warehouse storage 
or directly into railroad cars or trucks for shipment. 
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Four-thousand pound Yale & Clark forklifts with 
pusher attachments for unitized load removal facili- 
tate carloading. Bin-stored sizes in excess of ship- 
ping requirements pass from storage to 5-roll, 50-in., 
high side Raymond roller mills for grinding prod- 
ucts ranging from —40 mesh to 99.8 pct —325 mesh. 
These products are collected as usual in a cyclone- 
type collector, afterward passing to storage and 
again to a valve-type packer. Although small quan- 
tities of all materials are shipped in bulk form more 
than 90 pct of all production is shipped in 50 and 
100-lb paper or burlap bags. 

Water-ground products comprise one major group 
of Calcium Products shipments. The —2-in. crusher 
run rock is passed over a %-in. scalping screen to 
remove excess fines, then to storage bins ahead of 
a battery of 8-ft x 22-in. granite-lined Hardinge 
Tricone mills. Locally made feeders pass the mate- 
rial from bin storage to the mills at the rate of about 
% tph. Autogeneous grinding has proved extremely 
satisfactory for production of micron-size products 
and minimizes contamination. The mill product 
passes through either of two four-cell flotation ma- 
chines for removal of small amounts of off-color 
minerals including pyrite and graphite, then to 
either of two Bird Machinery Co. 40 x 60-in. cen- 
trifugal classifiers. 

Underflow from the classifiers returns to the mills 
for regrinding. The classifier product is fed to 
either of three Buchart-type thickeners to increase 
the product density and supply storage with the 
clarified overflow returning to the ball mills in the 
normal manner. The thickener underflow is applied 
to a number of 4 x 10-ft drum driers by individual 
rapidly rotating splatter logs. A 600-hp Combustion 
Engineering underfed boiler furnishes steam for 
these driers. The drier product passes through a 
model 3TH Mikro-pulverizer to reduce agglomera- 
tion occurring during drying, and finally into a 
valve-type bag packer. The bagged material is 
either warehoused or loaded directly from the 
packer into railroad cars. 


Eight-foot x 22-in. Hardinge Tricone mills in a section of the wet grinding plant. 


Marketing 


Products from the Calcium Products Div. fill 
some 39 lines on a product sheet; the material may 
vary from —¥% in. to 2% yw average particle size. 
These may be generally summarized as follows: 
Screened products from % to 3/16 in. are used for 
built-up roofing marble and for terrazzo chips. In 
the range from 6 to 40-mesh, usually in 10-mesh in- 
erements, a number of products are manufactured 
for terrazzo floors, swimming pool coatings, special- 
ty cement and ceramic products, wallboard and 
wallboard joints cement, various raw chemical pur- 
poses and poultry grit. Some of the —20 to 50-mesh 
sizes with the fines included are used as fillers for 
vinyl and plastic floor tile and for calciura in cattle 
feed. Ground products generally finer than 200 mesh 
are used for coal mine rock dust, insecticide and 
asphalt fillers, rice polishing, athletic field marking, 
and manufacture of putty. 

Still finer sizes produced by water grinding are 
below 20 » with an average particle size of 5% uz. 


This Bird centrifugal classifier is used on wet ground marble 
in the 5 to 25 u stage. 


These products are used primarily in the paint, rub- 
ber, paper, and plastics industries as extenders or 
fillers. One grade is used in all the popular brands of 
chewing gum. Shipments are regularly made to all 
parts of the U. S. and foreign countries. 

A fully equipped laboratory at the plant serves 
three distinct purposes. Regular quality control is 
exercised to maintain rigid particle size and color 
specifications, with other special tests to assure ac- 
ceptance in various industries. A technical service 
section, working in close conjunction with the sales 
department, assists customers with the proper uti- 
lization of products. Continuing research is carried 
out to find new products, new uses for existing 
products, and improvements in plant processes. 

In 1956 a similar operation, on a smaller scale, was 
put on stream at Wingdale, Dutchess County, N. Y. 
Dry-ground, tube mill, and water-ground grades 
only are produced at this plant. Selected and pre- 
pared feeds are shipped in to this plant frorn leased 
or owned marble quarries at Adams, Mass., or Rut- 
land, Vt. 


7 


Filled bags are handled as unitized load. Note pusher for 
removal of unit from forklift. 
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specification to allow for better quarry development. 

Gasoline-powered Joy Model 12 diamond drills 
with EX size tools are used both for outside explora- 
tory holes and as an indicator for underground de- 
velopment work. Small water seepages cause little 
difficulty and are easily contained and pumped. Owing 
to the extreme whiteness of the rock it is possible 
to light an entire working area with a single 1000- 
watt light. 


Preparation Plants 

At this point it might be well to mention that the 
entire growth of the Calcium Products Div. has 
taken place during the last ten years. As a result 
of this rapid growth, production from the under- 
ground quarries may go to any one of three primary 
jaw crushers that supply five plants. Three of these 
are basically crushing and screening plants, remov- 
ing desirable screened products and feeding the re- 
maining sizes to Raymond roller mills for further 
reduction. The fourth plant utilizes the fines as pro- 
duced by the primary crusher as feed for Raymond 
mills, while the oversize is passed on to the fifth 
plant where conical ball mills are used for wet 
grinding. 


Process Flowsheet 

Taken one at a time the operations are as follows: 
In each case 24 x 36-in. jaw crushers serve as the 
primary crushers. Material is then passed through 
a Traylor-type TY gyratory crusher or a Williams 
hammermill for secondary crushing and thence to 
screening. Allis-Chalmers, Seco, or Productive 
Equipment 4 x 8-ft or 4 x 10-ft screens grade prod- 
ucts, beginning generally at % in. and going down 
through 50 mesh. In each case oversize material is 
returned to the secondary crusher for further re- 
duction. As each particular size range material is 
removed it is passed to individual storage bins, 
which vary in capacity with relative production 
quantities. From storage the sized products pass to 
valve-type bag packers and into warehouse storage 
or directly into railroad cars or trucks for shipment. 
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Channeling machines and drifters operating on floor of the dimension stone quarry. 


Four-thousand pound Yale & Clark forklifts with 
pusher attachments for unitized load removal facili- 
tate carloading. Bin-stored sizes in excess of ship- 
ping requirements pass from storage to 5-roll, 50-in., 
high side Raymond roller mills for grinding prod- 
ucts ranging from —40 mesh to 99.8 pct —325 mesh. 
These products are collected as usual in a cyclone- 
type collector, afterward passing to storage and 
again to a valve-type packer. Although small quan- 
tities of all materials are shipped in bulk form more 
than 90 pct of all production is shipped in 50 and 
100-lb paper or burlap bags. 

Water-ground products comprise one major group 
of Calcium Products shipments. The —2-in. crusher 
run rock is passed over a %-in. scalping screen to 
remove excess fines, then to storage bins ahead of 
a battery of 8-ft x 22-in. granite-lined Hardinge 
Tricone mills. Locally made feeders pass the mate- 
rial from bin storage to the mills at the rate of about 
% tph. Autogeneous grinding has proved extremely 
satisfactory for production of micron-size products 
and minimizes contamination. The mill product 
passes through either of two four-cell flotation ma- 
chines for removal of small amounts of off-color 
minerals including pyrite and graphite, then to 
either of two Bird Machinery Co. 40 x 60-in. cen- 
trifugal classifiers. 

Underflow from the classifiers returns to the mills 
for regrinding. The classifier product is fed to 
either of three Buchart-type thickeners to increase 
the product density and supply storage with the 
clarified overflow returning to the ball mills in the 
normal manner. The thickener underflow is applied 
to a number of 4 x 10-ft drum driers by individual 
rapidly rotating splatter logs. A 600-hp Combustion 
Engineering underfed boiler furnishes steam for 
these driers. The drier product passes through a 
model 3TH Mikro-pulverizer to reduce agglomera- 
tion occurring during drying, and finally into a 
valve-type bag packer. The bagged material is 
either warehoused or loaded directly from the 
packer into railroad cars. 


Eight-foot x 22-in. Hardinge Tricone m 


Marketing 


Products from the Calcium Products Div. fill 
some 39 lines on a product sheet; the material may 
vary from —% in. to 2% yw average particle size. 
These may be generally summarized as follows: 
Screened products from % to 3/16 in. are used for 
built-up roofing marble and for terrazzo chips. In 
the range from 6 to 40-mesh, usually in 10-mesh in- 
crements, a number of products are manufactured 
for terrazzo floors, swimming pool coatings, special- 
ty cement and ceramic products, wallboard and 
wallboard joints cement, various raw chemical pur- 
poses and poultry grit. Some of the —20 to 50-mesh 
sizes with the fines included are used as fillers for 
vinyl and plastic floor tile and for calcium in cattle 
feed. Ground products generally finer than 200 mesh 
are used for coal mine rock dust, insecticide and 
asphalt fillers, rice polishing, athletic field marking, 
and manufacture of putty. 

Still finer sizes produced by water grinding are 
below 20 » with an average particle size of 5% u. 


This Bird centrifuga! classifier is used on wet ground marble 
in the 5 to 25 u stage. 


ills in a section of the wet grinding plant. 


These products are used primarily in the paint, rub- 
ber, paper, and plastics industries as extenders or 
fillers. One grade is used in all the popular brands of 
chewing gum. Shipments are regularly made to all 
parts of the U. S. and foreign countries. 

A fully equipped laboratory at the plant serves 
three distinct purposes. Regular quality control is 
exercised to maintain rigid particle size and color 
specifications, with other special tests to assure ac- 
ceptance in various industries. A technical service 
section, working in close conjunction with the sales 
department, assists customers with the proper uti- 
lization of products. Continuing research is carried 
out to find new products, new uses for existing 
products, and improvements in plant processes. 

In 1956 a similar operation, on a smaller scale, was 
put on stream at Wingdale, Dutchess County, N. Y. 
Dry-ground, tube mill, and water-ground grades 
only are produced at this plant. Selected and pre- 
pared feeds are shipped in to this plant from leased 
or owned marble quarries at Adams, Mass., or Rut- 
land, Vt. 


Filled bags are handled as unitized load. Note pusher for 
removal of unit from forklift. 
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HE Murphy marble belt extends through Mur- 
phy, N. C., southwest to Canton, Ga. The Tate 
quadrangle produces the hig..est quality marble— 
crystallized calcium carbonate—of the entire mar- 
ble belt and the town of Tate is located in the center 
of this area, 60 miles north of Atlanta. Locally the 
relatively indistinct bedding dips from horizontal to 
20°. The coarsely crystalline calcium contains impuri- 
ties, primarily pyrite, graphite, and silicious minerals 
in varying quantities that result in different types and 
colors of marble. Although there may be consider- 
able variation over a lateral distance of a few hun- 
dred yards, the quality in a given quarry is usually 
constant through a depth of 150 to 200 ft. Geologi- 
cally, the Tate marble occurrence is generally cred- 
ited to an overthrust action with later erosional ex- 
posure. 

Monumental or structural production begins in 
any of five quarries in the Tate area. The marble from 
each of these quarries has a characteristic color and 
texture known by various names of the trade, vary- 
ing from a deep pink or black and white banded to 
an almost completely white. Quarrying is begun by 
stripping a suitable area of all overburden and re- 
moving waste with standard earthmoving equip- 
ment. When a 100-sq ft horizontal quarry floor is 
developed, 15 to 25-ton blocks are channelled with 
a Sullivan double-head channelling machine, which 
utilizes a 6-in. stroke and 6-in. piston to drive a 
13g-in. chisel blade at 250 strokes per min. Each 
machine is mounted on a set of rails that permits 
cutting a straight channel across the quarry floor 
by moving the operating machine back and forth 
along the rails. By channelling 5 ft deep in two di- 
rections blocks are cut on four sides. A key block in 
one corner of the floor is removed with explosives. 

Once the key block is out a Gardner-Denver 
CF89 drill undercuts each other block. By driving 
feathers and wedges in holes spaced on 8-in. centers, 
blocks are raised, progressing outward from the key 
hole. The free block is overturned onto timbers to 
facilitate placement of slings and hoisted to the sur- 
face by a 50-ton guy derrick. Quarry blocks are 
hauled to any of three finishing mills in the Tate 
area on heavy duty trucks or company-owned rail- 
road cars. 

As the blocks are removed from the quarry they 
are graded as to size and the quality of finished prod- 
ucts that can be manufactured from them. About 40 
pet of the quarried production in the Tate area will 
make an acceptable finished product. Material is 
usually rejected because of a minor fault surface, 
mud seams in the quarry, or included minerals that 
form planes of weakness within a block. 

Compressed air to operate both the channelling 
machines and the drifters is supplied from a central 
compressor house. Although most of the quarries 
are relatively water-free, up to 1700 gpm must be 
pumped from the Silver Grey quarry, which is now 
250 ft deep. 

Quarried blocks are sawed to the required thick- 
ness by Lincoln Iron Works, Ty-Sa-Man Machinery 
Co., and Patch-Wegner Co. gang saws, which cut 
by the abrasive action of a circulated flint sand and 
water slurry beneath reciprocating mild steel blades. 
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Gang saw making vertical cuts in quarried block. Machine 
cuts approximately | in. vertically per hr. 


The thickness of a given slab is determined by blade 
spacing on the 6-ft wide frame. A recent improve- 
ment is the utilization of a wire saw for this sawing 
operation. The wire can be driven at a much higher 
speed (4000 fpm) than a reciprocating blade, pro- 
ducing a finished surface much smoother than the 
gang saw type of cutting. The gang saw cuts about 
1 in. vertically per hr with each of the 15 or 20 
blades making a separate cut, whereas a wire saw 
cuts up to 60 in. per hr regardless of the number of 
cuts being made. The sawed slabs are cut along the 
sides by an overhead mounted diamond saw to give 
approximate dimensions and yield stock sawed on 
all six sides. 

The sawed pieces pass to a rubbing bed, a solid 
cast iron wheel 12 ft diam, which revolves slowly 
beneath the fixed piece of marble and carries an 
abrasive compound on its surface. This finishing 
removes all marks left by the gang saw and brings 
the slab or block to the required dimension. A re- 
cent improvement on this method of finishing is a 
surfacing machine, a 4-ft diam steel wheel with a 
hollow shaft through which an abrasive silicon car- 
bide slurry is fed. This wheel revolves at 250 to 300 
rpm, giving the necessary rubbed finish in about 
1/6th of the time required on a rubbing bed. 

Polished finishes are obtained through the use of 
a felt lap and various finely graded abrasives. Un- 
usual forms, filets, and moulds are finished by 
carborundum machines, hand tools, or hand carving, 
and round pieces are finished by turning with an 
operation very similar to that of a metal lathe. 
Intaglio-like relief is obtained by sand blasting 
through rubber stencils. 

In an attempt to utilize all the several grades 
of marble, another product called splitface has re- 
cently been placed on the market and has received 
wide acceptance. Any marble that cannot be used 
for monumental or structural material is cut into 
modular thicknesses. This material is fed to a guil- 
lotine, which breaks the pieces in straight lines but 
gives a rough rock-face appearance. It is used struc- 
turally much as brick is used. 


Monumental and Structural Marble Production 


Continuous Miner 


Offers Higher Production 


. . . but experience with the boring-type unit 


shows that mistakes can be costly. 
by Stephen Krickovic 


HERE is today no proven continuous mining ma- 

chine that can be used under all the varying 
conditions found in most bituminous coal mines. 
During the last five years, however, both the ma- 
chines and methods of using them have been im- 
proved. Coal operators can now exercise a fair de- 
gree of selectivity, except those who must struggle 
with thick and hard partings and operate in seams 
less than 40 in. thick. 

It must be realized, then, that more than one type 
of continuous miner may be used advantageously in 
the same coal mine. Although this appears to violate 
the standardization generally sought after, the gain 
can more than offset added maintenance and, to a 
lesser degree, operating problems. 

It is equally important to realize that most coal 
mines will require one or more conventional loader 
setups in the plan of total mechanization. Seam vari- 
ations, adverse physical conditions, and special de- 
signs of main headings for haulage and ventilation, 
to name only three reasons, may render 100 pct 
use of continuous miners uneconomical. Of course, 
this situation may change. 

In one mine, prior to 1954, machines that ripped 
coal from the face achieved only average results, as 
compared to the impressive performance oi boring- 
type units in another coal mine. A boring-type unit 
was therefore selected for the first mine in the be- 
lief that the chance of success would be greater if 
it were used in a combined cutting and wedging 
operation, cutting a full face in its forward move- 
ment. 

The miner was located in a part of the mine 
where a special projection could be readily devel- 
oped, a solid area scheduled for mining according 
to the overall progress plan. All openings surround- 
ing the particular area were carefully investigated 
for the presence of sulfur balls. Fig. 1 (opposite) 
shows the representative seam section, containing 
the several pyritic bands 1/4 to 1/2 in. thick; a char- 
acteristic Pittsburgh seam parting averaging 5 to 
6 in. of slate, coal, and slate; and the occasional py- 
rite lenses 2 to 3 in. thick. Under normal conven- 
tional mining methods, the top 10 or 12 in. and the 
bottom 4 in. are left in place to offer roof protection 


S. KRICKOVIC, Member AIME, is Chief Engineer, Eastern Gas and 
Fuel Associates, Pittsburgh, Pa. 

TP 4653F. Manuscript, March 6, 1956. New York Meeting, 
February 1956. 
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The Transactions papers appearing in Mininc Enoineertnc during 
1957 will subsequently appear in AIME Transactions Volume 208, 
and may be permanently referenced to that volume. 


Fig. 2 (above) and Fig. 3 (opposite page) show boring-type miner with two 7-ft diam rotors in extended position. The machine 
cuts two circular areas simultaneously and within each area the bits cut three concentric rings. The concentric cores between 
the bits are broken down by the wedging action of the center burster and the wedge shape of the bit holders. 


and to prevent contamination of the slack. Both 
segments, morever, are much higher in ash and sul- 
fur than the remainder of the seam. 

The miner cuts the coal with two 7-ft diam rotors 
turning in opposite directions in overlapping circles. 
Each rotor is equipped with three arms and each 
arm with three bit holders. Thus three annular 
rings, or kerfs, 24% in. wide are cut and three con- 
centric cores formed. These cores are broken down 
by the wedging action of the center burster, clearly 
shown in Fig. 2, and by the wedge shape on the 
outside of all bit holders, except the end ones. The 
coal is brought onto the conveyor by the sweeping 
action of the arms, each mounting a shovel-acting 
plate, and by the bulldozing action of the machine. 

The essential parts of the boring unit are as 

follows: 
1) Two rotors, described above. As shown in Fig. 3, 
maximum height of the cut is 7 ft, maximum width 
13 ft 2 in. Width of the flat top, or tangent, is 6 ft 
and width of the bottom 10 ft. The rotors operate at 
14.3 rpm and can be tilted forward and sidewise 4° 
on either side of the center line. Dimensions are as 
follows: 


Overall length 

Rigid length 

Width with head retracted 
Width over gearcase 

Height over cutting head-case 
Weight 


2) One 100-hp continuous rated motor direct- 
connected to the driving gears by a multiplate clutch. 
3) Heavy cast steel gear case with gearing de- 
signed for 400-hp load. 

4) One 50-hp continuous rated motor for the hy- 
draulic system. The motor operates two 20-gal 


1346—MINING ENGINEERING, DECEMBER 1957 


hydraulic pumps for the conveyor and the tractors 
and one 8-gal pump for the hydraulic jacks. About 
25 hp is available for hydraulic pumps to operate 
roof bolting drills. 

5) One heavy-duty cutter chain operating at 309 
fpm. 

6) One 24-in. wide chain conveyor operating at 
350 fpm, with a capacity of 10 tons per min. Con- 
veyor can be swung 40° to either side of the center 
linc, 

7) A heavy structural steel all-welded construc- 
tion main frame. 

8) Heavy tractors with tread frames integral with 
the main frame. Tractors are 14 in. wide, each 
making 7 ft, 8-in. contact with the ground. 

9) Retraction. The machine was built to operate 
at a fixed height of 7 ft, but each rotor arm can be 
hydraulically retracted 6 in., providing 6 in. on 
each side for tramming clearance. Then by lower- 
ing the top cutter bar 6 in. and raising the bottom 
cutter bar 6 in., the total cutting head (gear case, 
cutter bars, and rotors) can be lowered an addi- 
tional 6 in. to provide 12-in. clearance above the 
machine with the bottom bar resting on the bot- 
tom. This will facilitete passage under roof bolts and 
crossbars hitched into the ribs. 

Plan of Mining, Experimental Period, and Physi- 
cal Conditions: In planning a mining method for 
this heavy machine, the problems of both full and 
partial recoveries were analyzed in detail. It de- 
veloped that a notable performance advantage 
would be gained in partial mining, especially if a 
large part of it could be straight-away work. The 
plan adopted, shown in Fig. 4, involves generally a 
three-entry system with rooms mined on the 
retreat. All breakthroughs, entry and room, are 
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driven at an angle at 60° to fa  ilitate approach and 
to reduce the time of partial cutting. It is note- 
worthy that the room plan will facilitate driving 
the pillar lifts from two adjacent sides, thus permit- 
ting a choice if physical conditions require it. 

The miner operated in the area shown in Fig. 4 
for about five months, starting with the commonly 
used Pittsburgh Seam block system and ending 
about 500 ft inside the specially projected room 
heading. This was truly a period of experimenta- 
tion and training. Considerable time, study, and 
patience are needed to learn an entirely new mining 
procedure and train operators in the proper use of 
a machine too new to have been mastered even by 
the manufacturer. After more than a year of op- 
eration there is still much to be learned. The manu- 
facturer also learned about certain weaknesses in 
the machine, such as the breakage of the cutter 
bars and end bit holders and the difficulty in ex- 
tending and retracting the arms. Satisfactory pro- 
gress was being made on all fronts when a sulfur 
ball area was encountered. Some of these balls were 
too thick and too hard to be cut satisfactorily. As 
this was a very abnormal condition, conventional 
mining was undertaken to drive through the 
difficult area. However, when the infestation per- 
sisted for about 150 ft in one heading particularly, 
the miner was moved to another section. 

The projection for the new area shown in Fig. 5 
is basically the same as that shown in Fig. 4. Three 
headings were driven on 78-ft centers in the group, 
with 60° breakthroughs on 83-ft centers. Fig. 6 
shows the position of the miner in starting a 60° 
breakthrough. Starting at the back end of the room 
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heading, rooms are driven in line with the break- 
throughs. All blocks, except the line adjacent to 
the outside heading on the left, are mined with 
three lifts. In the excepted blocks, two lifts are 
driven for safety in mining. 

The seam section in the new area is very similar 
to the one shown in Fig. 1. An idea of the over- 
burden can be obtained from the diamond drill re- 
cord, Fig. 7, of a hole about 4000 ft from the miner 
workings. Varying somewhat in thickness over the 
mine, the layer of dark shale, coal, and bone di- 
rectly above the coal seam is protected by the 10 to 
12 in. of roof coal left unmined. Another 4 in. of 
coal are left to reduce the slack contamination 
with the fireclay that is the bottom material over 
most of the mine. In this respect, the drillhole is 
not representative. A hardpan 1 or 2 in. thick nor- 
mally caps the fireclay. 

In this particular area the seam is relatively 
flat, with a few shallow undulations. There is no 
water problem. 

On the basis of experience in the mined-out 
areas on the three sides of the miner panel, it can 
be said that the roof conditions under which the 
miner has been working and will continue to work 
are average to slightly better than average. 

Face Equipment—Operation and Face Trans- 
portation: The face equipment in the miner sec- 
tion comprises: one miner with 400 ft of three-con- 
ductor rubber-covered 4/0 cable with ribbon- 
ground wire, one conventional loader, two shuttle 
cars of 7-ton capacity, one rubber-mounted roof 
bolting m-.chine, one hydraulic drill, and one per- 
missible distribution box with ground current 
limiter. 
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To obtain the near equivalent to continuous face 
transportation at the time the miner was placed in 
service, it was decided to pick up the coal back of 
the unit by a conventional loader on hand. This 
method is still being followed. Advancing and re- 
tracting the belt on 166-ft centers (every other 
breakthrough) obtains an average haul of 190 ft in 
development and 240 ft on retreat one way. A 45° 
stub is provided in the rooms for a closer change- 
out, and under normal conditions two shuttle cars 
have hauled the coal from the miner with only 
moderate delays. Floor space for 5 or 6 tons of coal 
is usually enough to permit continuous mining dur- 
ing the ever-present shuttle car changeout time, 
which is about 1 min. Loading directly into a 
shuttle car would lower performance appreciably. 

This piling and pick-up, however, has a dis- 
advantage in development. Since the cone-shaped 
pile of 5 to 6 tons covers the floor from rib to rib, 
the bratticeman must work in a restricted space, 
watch for the rolling lumps, and be alert to pos- 
sible disruption of ventilation by the loader reach- 
ing for the coal under the brattice and sometimes 
on it. 

It is noteworthy here that piling cannot be prac- 
ticed in all mines and under all systems. To the 
writer’s knowledge, the idea is not used at all, or 
is used with restrictions, in sections where pillars 
are pulled under bad top and under the treacher- 
ous top that rips and caves suddenly. Neither of 
these conditions exists in the mine under consider- 
ation. 


Mining System and Method of Roof Control: In 
development, all headings and breakthroughs are 
bolted with one line of bolts on 4-ft centers, as 
shown in Fig. 8. Bolts are % in. diam and 5 ft long 
and are installed with expansion shells by rotary 
drill. The two-man bolting crew performs all work 
on the day shift, an average of 55 to 60 bolts per day. 
Most of the time the crew operates without inter- 
ference from or to the miner. If heavy top is en- 
countered in close proximity to the machine, mining 
is stopped until the necessary bolting is accom- 
plished. The close clearance prohibits the use of 
posts. 

On retreat, each room to the first breakthrough, 
as well as the breakthroughs, is bolted on the cen- 
ter line. No more bolts are required in the remainder 
of the rooms, breakthroughs, and pillar lifts, except 
in the limited localized bad top areas. 

This is a remarkable situation, even though the 
fenders between pillar lifts are only about 5 ft thick 
at the center, which is equivalent to a recovery of 
roughly 70 pct. Difficulty was encountered only in 
few instances when the lifts were off line and the 
fenders were broken through. Although it is true 
that the relatively thin fenders are considerably 
firmer and stronger than similar fenders made in 
conventional mining, and although the top is nor- 
mally fair to good, the main reasons for the suc- 
cessful roof control are the arch roof cut by the 
miner and the absence of blasting. Secondary fac- 
tors are the small open area near the mined-out 
area and the speed of mining. In pillaring and in 


Plan of mining for continuous machine (Fig. 4). 
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partial mining with conventional equipment in the 
same mine, under top and bottom conditions com- 
parable to those found with continuous mining, 
headering on 4-ft centers is generally required. 
The greater value of the arch compared to square 
corners was demonstrated by the fact that more 
timbering was required in the mine with a ripper- 
type machine. Certain arched headings in the mine, 
driven by pick mining about 25 years ago, are still 
standing open without even a break in the roof 
coal. 

The arches formed by the miner serve as con- 
tinuous abutments on either side of an opening only 
a 6 ft wide open span. It would be difficult to im- 
prove the design of this strong support without 
destroying the practical size of the opening. 

Other Equipment and Power: The mine car 
loading station is at the mouth of the room head-.- 
ing. The 30-in. wide belt conveyor, located in the 
middle heading, is equipped with a two-speed 20 
to 40-hp d-c motor and operates at 400 fpm. Its 
maximum length in the setup was 2325 ft. Although 
the belt conveyor is wired for reversing, it has 
not been necessary to use this feature. To obtain 
greater efficiency in loading the 34%-ton steel mine 
cars a pant-leg chute with a flop gate was in- 
stalled at the belt discharge head. 

Men, supplies, and equipment are carried on 
40-lb track with steel ties located in the heading 
adjacent to the belt heading on the right. The 
track is maintained to a point opposite the tail 
piece of the conveyor. It is noteworthy here that 


width of place cut by the continuous miner—a 
maximum 13 ft 2 in. with 10 ft of flat or tangent 
surface—is adequate for conveyors wider than 30 
in. (possibly for conveyors up to 60 in.) and for 
main line track haulage using mine cars 6 to 6% 
ft wide. 

Power is supplied to the continuous miner section 
by a 400-kw portable underground rectifier and by 
a 200-kw M.G. set on the surface. Most of the 
power is furnished by the rectifier, and the feeder 
line distance to the most remote room is 4000 ft. 

The power circuits, all located in the track head- 
ing, consist of 1 million cir mils bare cable and a 
9-section trolley for the positive and 1-million cir 
mils cable and bonded 40-lb track for the nega- 
tive. A junction box with circuit breaker is provided 
for the miner, while fused nips and safety quick 
break plugs are used to take off power for the 
other face equipment. These controls are located 
in the belt heading both in development and on re- 
treat. 

Voltage and horsepower requirements are very 
important phases of continuous mining. Fig. 9 shows 
the average volts at the miner and the average am- 
peres pulled during the various operating periods. 
Fig. 10 shows the corresponding kilowatts and kilo- 
watt-hour loads. 

While the voltage at the junction box, or at the 
end of the 400-ft 4/0 trailing cable, was at or in 
excess of the 230 rating of the 100-hp motor most 
of the shift, the situation at the machine was notice- 
ably different. Here the voltage dropped under 210 
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throughs. All blocks, except the line adjacent to the outside heading on the left, are mined with three lifts. In the excepted blocks, 


two lifts are drawn for safety in mining. 


group with 60° breakthroughs on 83-ft centers. Starting at the back end of the room heading, rooms are driven in line with the break- 


The projection for the new area shown below is basically the same as for Fig. 4. Three headings were drawn on 78-ft centers in the 
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Fig. 6—In this view the miner is in position to start a 60° breakthrough. 


Fig. 6A—In this view the rear of the muchine is shown with the shuttle car. 
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Fig. 7—Diamond drill record of a hole about 4000 ft from the new area of miner workings. 


during four 2 to 17%-min periods with a load of 
435 to 500 amp. It dropped under 220 during ten 
2 to 17.5-min periods with a load of 385 to 500 amp. 

While the miner was cutting it averaged 400 
amp in 224 min, with a maximum of 545 amp in 9 
min. For tramming, an average 55 amp were used 
in 52 min. The machine did not consume any power 
for 67 min. Thus the miner operated in coal 65 
pet of the available face time, trammed 15 pct, 
and was idle 20 pct of the time. 

To break down, bulldoze, and convey the coal, 
the miner pulled a load of 46 to 102 kw, the latter 
being equivalent to 137 hp. In producing 382 tons it 
eonsumed 390 kw-hr, or roughly 1 kw-hr per ton. 

These power conditions may be considered satis- 
factory for the location of the miner on Apfil 5, 
1955, when it was working in development about 
2900 ft from the substation. While the voltage at 
the machine fell below the rated value a number 
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of times, the down time and the lighter tramming 
load offset the heating disadvantage of the higher 
amperage. 

The additional distance of about 1100 ft to the 
back end did cause some difficulty with power. This 
condition gradually improved, since the roof weight 
helped break down the coal as the mined-out area 
was increased. In another mine the continuous 
miner’s performance has been measured at 3.0 to 
3.5 tons in development and 6 to 7 tons on retreat. 
Therefore, although only 382 tons were produced 
when the power was measured, as compared to 
the average 465 tons for the 11-month period, most 
of the latter was mined in pillar splits on retreat. 

However, to conduct power satisfactorily for a 
high-producing miner 3500 to 4000 ft from a sub- 
station, 2 million cir mils each in the positive and 
the negative circuits are preferable, if the trailing 
cable is to be 4/0 and 400 to 500 ft long. Voltage loss 
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Fig. 8—Roof control is provided by a line of 5-ft bolts, 5-in. diam, driven on 4-ft centers. 


in the trailing cable ranged from 2 to 9 pct and 
averaged 7 pct. 

Ventilation: In this very gaseous mine a relatively 
large volume of fresh air must be supplied to the 
face. The bratticeman is stationed at the rear end 
of the miner to advance the line brattice as needed. 
Because the rooms are turned right off the heading 
and the controls are on the right side of the ma- 
chine, the fresh air properly flows across the oper- 
ator toward the face, also permitting better visi- 
bility. Although the brattice cannot be hung closer 
than about 20 ft from the face, the air velocity, 
together with the turbulence of the air around the 
miner caused by the rotating arms and the rela- 
tively rapid advance of the machine, has diluted 
and carried off the gases and dust satisfactorily. 

When the rooms are to be turned on the left side, 
or opposite to the controls, a ventilation plan will 
have to be developed to prevent the return of dust- 
laden air over the operator. One such plan has been 
tried successfully in one of the Pittsburgh Seam 
mines in western Pennsylvania. It would be even 
better for the manufacturer to equip the mi shine 
with dual controls. A third possibility is to use a 
3000 to 4000-cfm blower on the miner with a flex- 
ible hose attachment on the rear to bypass the op- 
erator when the brattice is on the opposite side. To 
the writer’s knowledge, this idea has not been 
tried, except to determine that space for a permis- 
sible blower, and the blower itself, is available. 

The final word about ventilation is that the 
belt heading is stopped off from the other two to 
within a breakthrough of the tail piece. Air erters 
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the section through the tracked heading and returns 
through the one on the left. By an air lock in the 
belt heading near the discharge end, flow of air is 
controlled over the belt to provide the desirable 
safety in case of a fire. 

Performance: The miner started development of 
the room heading shown in Fig. 5 on Feb. 1, 1955, 
and is now mining its way to the next outby room 
heading. From Feb. 1 to Dec. 31, 341 shifts were 
worked, generally on two shifts per day, to produce 
158,517 tons of clean coal—an average of 465 tons 
per machine shift. 

On the average, 7.5 face men were employed per 
shift—1 foreman, 1 miner operator, 1 loader op- 
erator, 2 shuttle car operators, 1 bratticeman, 1 
boom man, and 0.5 roof bolters. 

In addition, 1:5 men per shift were employed on 
miner maintenance and 0.5 men per shift on main- 
tenance of other equipment. Average performance 
during the 11-month period, then, was 62 tons per 
face man without maintenance and 4 tons with 
maintenance. 

It is interesting to note, as a potential in continu- 
ous mining, that from September through December, 
1955, average shift production for each of the four 
months was 480, 505, 570, and 642 tons, respectively. 
Correspondingly, the tons per face man were 66, 70, 
79. and 88. Maximum production per shift was 798 
tons, 114 tons per face man. In at least 6 shifts per- 
formance exceeded 100 tons per face man. 

Delays: This performance represents a challenge 
to determine how the yearly average can be in- 
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Fig. 9—Average volts at the miner and average amperes 
drawn. 
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Fig. 10—Kilowatts and kilowatt-hour consumption shown 
corresponds with data in Fig. 9. 


Fig. 12—Chart of amperes drawn by machine while producing 382 tons of clean coal in one shift. 


creased to approach the higher values more closely. 
The various delays offer a fertile field of study. 

From the record of time consumed for the many 
jobs done at the face, other than the actual mining of 
coal, and including the delays during the 11-month 
period, the following can be summarized: 


Continuous. Miner 


Available Time at Face, Pet 


Changing Bits 

Tramming 

Bolting 

Maintenance 
Electrical, including Cable 
Mechanical 
Hydraulic 

Miscellaneous 


Other than Continuous Miner 
Rock Dusting 
Track Haulage 
Loader 
Shuttle Cars 
Belt Conveyor 
Miscellaneous 
Total 
Total 1 and 2 


HOST 
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Thus the miner was in production, to whatever de- 
gree, 73 pct of the time available at the face. With 
355 min as the available time per shift, the miner 
operated 260 min and averaged 1.79 tons per min 
during the 11-month period. In the last four months 
of 1955 this figure was increased to 2.1 tpm. Since 
the machine has a capacity of 3 to 4 tpm in develop- 
ment and 5 to 7 tons in retreat, there is room for 
greater efficiency within the operating period. These 
inefficiencies may include certain shuttlecar delays, 
such as unloading the shuttle car onto the 30-in. belt, 
which were not included in analysis of the delays— 
repositioning of the machine, tough cutting, low 
voltage, and partial face cutting, to name the most 
prominent. 

Further, the nonproductive jobs attributable to 
the miner, including the miner breakdowns, repre- 
sented roughly 70 pct of the total nonproductive 
time, and the actual miner breakdown time was 40 
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pet. This latter figure includes mainly the difficulty 
with the extensions and retractions of the rotor arms 
and cutter chain sprockets and the breakage and 
alignment of cutter bars. Both problems have largely 
been solved. A cutter bar has not been broken for 
several months. 

The electrical delay was caused almost entirely 
by a brush holder, which has been corrected, and the 
hydraulic delay was due largely to the cutter bar 
jacks. Only three to four hoses have been replaced. 

During the 11-month period of the delays the bit, 
oil and grease, maintenance material for the miner 
and other equipment on the section was $0.16 per ton 
of clean coal produced by the miner. Also, the miner 
produced about 200,000 tons to the end of December. 

Bolting and tramming are nominal in percentage 
of the total nonproductive jobs; changing of bits is 
an appreciable item of 23 pct; rock dusting, 11 pct, 
might be reduced by wet application; and break- 
downs of accessory facilities, approximating 18 pct, 
present a real challenge to reduce the number of 
items used, as well as to provide better maintenance. 

The following is a comparison of the screen analy- 
sis of coal mined by conventional loaders and the 
boring-type miner. The +5-in. coal is crushed to 5 
in. before analysis, see table at right. 

The potential of continuous mining in the Pitts- 
burgh seam is tremendous, as evidenced by an occa- 


Wt, Pet 
Conventional Boring-Type 

Sizes Loader Miner 

5 x 3 in. 5.5 10.0 
3x 2 in. 71 11.8 
2x 1% in. 13.0 15.4 
1% x % in. 14.1 15.7 
™% x % in. 12.3 10.4 
% x % in. 8.0 6.9 
% x % in. 9.0 69 
x Ye in. 11.6 8.5 
% in. x 14 mesh 6.8 49 
14 x 28 mesh 49 3.7 
28 x 48 mesh 3.0 24 
48 mesh x 0 4.7 3.4 
100.0 100.0 


sional performance of 100 tons per face man even 
without continuous face transportation. To a lesser 
extent, the same can be said about other seams. But 
if this potential is to be realized, more careful plan- 
ning and more precise follow-up will be needed than 
ever before. More than $250,000 is involved in 
equipment for a section, and mistakes can be costly. 
The manufacturers, too, will need to improve the 
present machines to render them more durable, 
more flexible, and more applicable as full-face units 
in the various seams of coal. If that is accomplished, 
and if the miners are evaluated on the basis of their 
economic superiority over conventional loaders and 
not upon their close approach to 100 pct productive 
time at the face, efforts will have been directed on 
the proper course. 


Discussion 


Comment by J. W. Woomer: From my viewpoint, 
the findings of the report can be divided into four 
parts: 

I. The results portray: 

1) The well known disadvantage of working a 
conventional loader unit in tandem with a continu- 
ous miner with the resulting ventilation problems, 
conflicts, the additional delays and maintenance 
costs, and the retreat mining safety problems. 

2) The disadvantage of using a given number 
of shuttle cars when they are operating in the maxi- 
mum haulage distance or so-called shadow zone. 

3) The handicap of shuttle cer-to-belt delays. 

4) The advantage of dual loader controls in re- 
treat work in many mining and geological conditions. 

II. The results to date prove that the often pre- 
dicted advantages of such high speed mining in both 
advance and retreat are a fact in this application. 
These are: speed of advance, an arched roof, the ab- 
sence of blasting, and the simplification of the min- 
ing cycle. 

Furthermore, the report’s detailed exposition of 
the direct current power consumption for the job is 
of great value as confirmation of the advantages of 
concentrated loads and as a basis for study of the 
need for 100 pct future application of alternating 
current to such work. 

III. In the introductory paragraphs of his paper 
Mr. Krickovic makes certain conclusions on the 
overall subject of continuous mining. His wide study 
of performances to date and of the future’s needs 
makes these conclusions very important. 

Furthermore, his pointing out the use of several 
types of equipment in a mine is quite practical and 
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realistic. His pointing out the need for our manu- 
facturers to attack the problems of these mines hav- 
ing thick and hard partings and those having seams 
less than 40 in. in thickness is well worth repeated 
presentation to the industry. 

IV. The report indicates an average performance 
over a substantial period of 50 tons per crewman in- 
cluding supervision and face maintenance. It shows 
that continued improvement is being made. The re- 
sults also show sustained productions of 80 tons per 
crewman shift. 

With a potential ultimate probability of no more 
than three so-called general mine back-up men sup- 
porting each crewman at such an operation, this ton- 
nage indicates that 20 to 30 tons per shift per total 
man employed at the mine are not too far away. 


Author’s reply—In reference to Mr. Woomer’s 
comments, I wish to point out that, while there are 
certain disadvantages to the use of a conventional 
loader in tandem with a continuous miner and to the 
use of shuttle cars, the advantages of the total setup 
used at the time the paper was written cancelled all 
these disadvantages when compared to a conven- 
tional mining system. Suitable and proven continu- 
ous face transportation would eliminate the prob- 
lems, conflicts, and delays mentioned by J. M. 
Woomer. Such continuous face transportation was 
not available in 1955, and, although manufacturers 
have made progress since then, a totally satisfactory 
answer has not been found yet, in my opinion. 
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Radioactive -Tracer Technique for Studying 


Grinding Ball Wear 


RINDING for size reduction affects the eco- 

nomics of many processes and products. It is 
essential as the first step in many industrial proc- 
esses and is also a finishing step for materials with 
properties depending on particle size, such as talc, 
cement, and silica sand. 

Intermediate and fine grinding are vital opera- 
tions in the U. S. cement industry, which is pro- 
ducing more than 250 million bbl of cement per 
year.’ Wear of the grinding media is a large part 
of the grinding operation cost. Problems encoun- 
tered in grinding cement are so complex that eval- 
uation of efficiency and economy of grinding media 
is difficult.” It has been especially difficult to eval- 
uate the relative effectiveness of different types of 
balls because there are no good testing techniques. 

Many other industrial operations can be eval- 
uated on a laboratory scale with reasonable ac- 
curacy. This does not hold true for evaluation of 
grinding balls. The consistent results obtained in 
a laboratory test under a given set of conditions 
are not always borne out in field application. 

Rough evaluations of the effectiveness of various 
compositions and types of grinding balls have been 
made in the field by using a full charge of one type 
in a mill and comparing the production record with 
another run using another type of ball. This method 
is time-consuming and not very precise, as the sec- 
ond run may not have been carried out under 
identical conditions. Laboratory-scale tests, on the 
other hand, have yielded inconclusive results, and 
many investigators have turned their attention to 
the development of a field testing technique. 

Field testing small sample lots of grinding balls 
has been impractical because it is difficult to identify 
and recover the test specimens from the grinding 
mill, and individual groups of balls that have un- 
dergone different heat treatments can not be sep- 
arated.“ To overcome these difficulties, previous 
investigators have identified the balls by distinctive 
marks, notches, and drilled holes, but this proce- 
dure has three serious drawbacks: 

1) Grinding characteristics and quality of the 
steel balls may be affected. 

2) Physical markings may be worn away in the 
grinding process, especially during a prolonged run. 

3) Recovery from the bulk of the charge will be 
extremely difficult because the markings are hard to 
see and may be masked by a coating of the product. 

To circumvent these difficulties, a radioactive- 
tracer technique was proposed for recovery and 
separation of steel grinding balls and subsequent 
evaluation of the various compositions of the balls. 


M. POBERESKIN is Assistant Chief, Radioisotope Research Div., 
Battelle Memorial Institute, Columbus, Ohio. N. M. EWBANK, JR., 
is now with Atomics International. G. D. CALKINS is Chief, Radi: 
isotope Research Div., A. WESNER is Assistant Chief, Minerals 
Beneficiation Div., and J. E. CAMPBELL is Principal Metallurgist, 
Physical Metallurgy Div., Battelle Memorial Institute. 
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by M. Pobereskin, N. M. Ewbank, Jr., G. D. Calkins, A. Wesner, and J. E. Campbell 


The proposed technique involved five basic opera- 
tions: 

1) Thermal-neutron irradiation activation’ of 
each group of test grinding balls to a different level 
of specific radioactivity. 

2) Addition of groups of radioactive steel-ball 
specimens into a ball tube mill. 

3) Recovery of radioactive steel-ball specimens 
from the bulk of the mill charge. 

4) Separation of the various groups by their 
specific radioactivity. 

5) Evaluation of actual grinding ball wear. 

Before any physical tests were performed, re- 
quired neutron irradiation intensity and time were 
calculated. Probable composition of the steels to 
be used was ascertained. An examination was made 
of the radioactive nuclides* to be formed which 
would contribute measurably to the radiation level 
immediately after irradiation and during the test 
operation. The radioisotopes formed, their types of 
radiation, and their half lives are listed in Table I. 
Of these radioisotopes only iron-59 and chromium- 
51 were significant for the actual wear test. 

The intensity of radiation that could be detected 
by a Geiger counter when the test was completed 
was the basis for the minimum activation level es- 
tablished. The intensity of radiaton that could be 
safely handled at the beginning of the test was the 
basis for the maximum activation level, although 
this was not considered a major problem. 

Ten groups of grinding balls of various composi- 
tion and/or surface or heat treatment were to be 
tested. One group was designated for the minimum 
irradiation time. The remaining groups were desig- 
nated for irradiation periods that increased by in- 
crements of 33 pct from that of each preceding 
group. This difference was considered enough for 
separation and identification of the groups by com- 
parison of specific activity. 

Potential Hazards: Possible radiation hazards 
that might be encountered during this experiment 
were evaluated for the three important phases: 
1) the radiation hazard of placing balls and remov- 
ing them from the mill, 2) contamination of the 
product cement by radioactive material worn from 
the balls, and 3) contamination of the steel by the 
radioactive balls left in the mill. 

The radiation intensity expected from the whole 
group of radioactive balls was calculated to be 250 
milliroentgen per hr at 1 ft. This meant the balls 
would require special shielded packaging and warn- 
ing labels on the shipping containers. In a radiation 
field of 250 mr per hr a man can work for 1 hr 
without exceeding maximum permissible weekly 
exposure. Since the balls could be dumpec ‘nto the 
mill in a matter of seconds, relatively litth radia- 
tion exposure was anticipated at this stage of the 
operation. 

If the weight loss in the balls was 7.7 pct per 
month and the cement feed through the mill was 
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Table |. Radioactive Nuclides Produced by Neutron 
Activation of Grinding Balls 


Element Nuclide Radiation Half Life 
Iron Fe Beta-gamma 47 days 
Iron Fe Electron capture 2.9 years 
Manganese Mn* Beta-gamma 2.6 hr 
Phosphorus pz Beta 14.3 days 
Sulfur Se Beta 87 days 
Silicon siz Beta 2.6 hr 
Chromium Cra Beta, electron 27 days 

capture 
Nickel Ni® Beta-gamma 2.56 hr 


36 tph, concentration of radioactive material would 
be about 0.34 microcurie per ton of cement. Because 
of the natural radioactive decay, this level would 
drop to about 0.14 microcurie per ton of cement in 
two months. This degree of radioactivity is less 
than that normally found in cement. A cement con- 
taining 0.5 pct of potassium has a radioactivity level 
of 4.1 microcuries per ton because of the natural 
radioactivity of potassium-40. 

Contamination of the steel is similar to that of 
cement. Assuming that 90 pct of the radioactive 
balls were recovered at the end of a two-month test 
period, approximately 4.5 millicuries of radioactive 
balls would be left in the steel. This figure is prob- 
ably high because the balls missed would probably 
be those of low specific activity. If the 4.5 millicuries 
were processed in a 45-ton batch of steel, the con- 
centration of radioactive material would be 0.1 mil- 
licurie per ton of steel. This amount is not a radia- 
tion hazard. 

Checking the Calculations: Because the pro- 
posed technique was new, an experimental check 
of the calculations was made. Samples of the vari- 
ous steels to be used in the test balls were irradiated 
to the predetermined levels. This check was run 
well before the test balls were received so that the 
radioactive nature of the activated steels could be 
studied over a period equal to the time required for 
the actual test. This check indicated that prelimi- 
nary calculations and predictions were reasonable. 

Decay curves and absorption curves were taken 
to prove that only the nuclides anticipated were 
present. The instruments reserved for the actual 
operation were used in the tests run on the check 
samples. 

Neutron Activation of Grinding Balls: When pre- 
liminary calculations, determinations, and checks 
had been made and 190 steel ball specimens of 10 
different compositions had been received, prepara- 
tions were made for neutron irradiation activation. 
Each of the 10 groups contained 19 balls. The steel 
ball specimens were weighed and sent to the X-10 
Nuclear Reactor at Oak Ridge National Laboratory 
for irradiation activation. A special request was 


Table II. Irradiation Data 


Irradiation Time, After After 26-Hr 
Lot min lation, Decay, 
Number wt,G Requested* Actual** Curies uries 
8 1037.19 30 23 1.36 11.03 
1 1054.38 40 31 1.30 1.84 
2 1055.18 53 41 1.66 2.38 
3 1053.23 71 55 2.12 2.95 
4 1053.73 94 72 2.69 3.98 
5 1058.96 125 96 6.35 9.70 
7 1060.88 166 128 7.77 13.01 
7-A 1060.67 221 9.35 16.36 
6 1054.84 294 226 5.04 21.99 
9 1051.90 391 301 12.17 24.01 


* Based on a flux of 5 x 10" neutrons per sq cm per sec and a 
33 pct increase in specific activity for succeeding batches. 
** Based on actual flux of 6.5 x 10%. 
t Probably resulted from misreading of 170. 


Table Ill. Measured Radiation Intensity of 
Activated Balls 


Let Activity (Cpm,° 128) 

Number Mean High Lew 
1 33 43 ‘ 31 
2 43 50 39 
3 58 65 54 
+ 715 85 68 
5 104 117 92 
6 245 281 231 
7 151 167 137 
7A 130 157 119 
8 37 43 33 
9 308 356 284 


* Counts per minute. 


made for as uniform a neutron flux as possible to 
insure uniformity of specific activity in each batch. 
Table II lists the lot number, weight of each batch, 
requested irradiation time, actual irradiation time, 
radioactivity immediately after irradiation, and 
radioactivity 26 hr after removal. Several discrep- 
ancies will be noted. Actual irradiation time was 
25 pct less than the requested irradiation time in 
all but one instance. This change was probably 
made by the reactor operators because the neutron 
flux was 25 pct higher than requested. In batch 
No. 7-A a 25 pct reduction of the requested irradia- 
tion time would be 170. This figure was probably 
misread by the reactor operator as 110. 

On return from the reactor, specific radioactivity 
of the balls was determined, as shown by Table III. 
Counting was performed on the bottom shelf of an 
end-window G-M counter. There was some over- 
lapping of activity in individual balls of the various 
lots. This was corrected by rejecting the balls that 
caused the overlap, a correction that was not pos- 
sible in the case of lots 1 and 8. Because some of 
the activity of lot 8 came from chromium-51, which 


Table IV. Activity and Weights of Recovered Balls 


wt,G 


Maximum Maximum 
Inivial Variation Final Variation Activity per Ball, Cpm per G 
Let No. Average in Initial Average in Final Mean High Lew Centro! Ball 

1 55.49 0.75 52.99 0.93 13 15 12 13 
2 55.54 0.16 52.69 0.53 18 20 16 17 
3 55.43 0.12 51.74 0.36 25 28 21 24 
4 55.46 0.06 51.36 0,17 36 29 31 
5 55.73 0.04 51.48 0.19 46 51 42 

6 55.52 0.03 52.42 0.19 i18 131 107 113 
7 55.84 0.04 55.06 1.02 69 56 

7A 55.82 0.11 55.68 0.12 47 57 
8 54.59 0.20 54.48 0.20 14 17 12 13 
9 55.36 0.08 53.20 0.27 
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Radioactivity 
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decays faster than iron-59 (normally the predomi- 
nant radioisotope) it was expected that the specific 
activity of lot 8 would be significantly lower than 
lot 1 by the end of the test period. One ball was 
reserved from each batch to serve as a control. In 
all, 18 balls were removed. The remaining 172 test 
ball specimens were shipped to the Lone Star Ce- 
ment Corp. in Birmingham, Ala., for the test run. 

Charging the Steel Ball Specimens to the Mill: 
The package of radioactive balls received by the 
cement company was stored unopened in an isolated 
corner, as requested. The radiation level at the sur- 
face of the package was 40 mr per hr, and at 1 ft 
this dropped off to about 2 mr per hr. 

The steel ball specimens were charged into a 
finish mill through an open hatch on April 25, 1955. 
This ball tube mill had been initially charged with 
90,000 lb of balls on Feb. 3, 1955, for this process- 
ing cycle. The 172 steel ball specimens were to mix 
with about a million other steel balls. Handling of 
the cans containing the radioactive balls was kept 
to a minimum. The entire operation was completed 
in 3 or 4 min. 

A survey of the radiation level before and after 
the steel ball specimens were charged showed the 
general background in plant vicinity to be 0.03 to 
0.05 mr per hr; surface of grinding mill at head 
level, both before and after adding the balls, 0.1 to 
0.2 mr per hr; radiation 1 ft above the open charge, 
7 mr per hr; and radiation at open hatch 0.3 mr 
per hr. 

These observations verified the calculations that 
the radiation from the balls distributed in the charge 
would not be detectable above the background radi- 
ation from the mill. A survey of the shipping cans 
and packing material indicated no contamination, so 
these items were left at the plant for disposal. 

Radioactive Steel Ball Specimen Recovery: On 
Aug. 11, 1955, the grinding mill was shut down and 
the load dumped according to usual plant pro- 
cedure. The charge was screened at % in. to re- 
move the cement and undersized balls. This dis- 
carded material was monitored with Geiger counters 
to make sure that no radioactive material was 
present. 

The plant staff prepared a sorting trough in which 
the grinding balls were spread out one layer deep, 
8 in. wide, and 12 ft long. This area was scanned 
with two portable Geiger counters with probes and 
meters sensitive over the range zero to 20 mr. It 
was more than an hour before the first radioactive 
ball was found. This was somewhat discouraging, 
but the rate picked up later, especially when a 
second trough was put into use. 

In four days 169 of the 172 balls were recovered 
from the 45-ton charge. Only one pass was made 
through the charge. The 98 pct recovery of the 
specimen balls was considered good and a second 
pass unnecessary. The area around the plant and 
the mill, in particular, was monitored after the 
recovery operation to be certain that no radioactive 
material was present. The recovered balls were 
packaged, labeled, and shipped back to Battelle 
Memorial Institute. 

Separation of Steel Ball Specimens into Original 
Groups: The steel ball specimens were cleaned 
and weighed, and the specific radioactivity of each 
ball was determined in Battelle’s radioisotope and 
radiation laboratory. Weights and specific activity 
factors are recorded in Table IV. The specific ac- 
tivity factor, in units of counts per minute per gram, 
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was used to separate individual balls into their 
original lots. Most of the separations were straight- 
forward, but in borderline cases physical appear- 
ance and measurements were used as an aid and the 
separations were confirmed by chemical analysis of 
the individual balls after the wear of the steel ball 
specimens had been evaluated. In the case of lots 
1 and 8, in which the overlap was greatest, differ- 
entiation was very easily made according to the 
appearance of the balls. 


Discussion and Conclusions 


Use of radioactive grinding balls as specimens for 
study of grinding ball wear has been demonstrated 
conclusively by the results reported above. This 
tracer technique permits using actual plant mills 
for detailed study of factors affecting grinding ball 
wear. In a comparatively short time it is possible to 
study fundamental metallurgical and structural fac- 
tors affecting wear, as well as the relative cost of 
using different wear media. 

Marking the specimen balls by means of neutron 
activation eliminates the drawbacks of physical 
marking. 

Although the results of this experiment were 
gratifying, the technique can be improved. Ninety- 
eight percent recovery of specimen balls may be 
considered excellent, but 100 pct should be attain- 
able. By raising the minimum activation level this 
can probably be achieved, since the balls of lowest 
specific activity in this experiment had a radiation 
intensity only three times the background. Ten 
times background level, as a minimum, would lend 
itself to easier recovery. When specimen balls were 
separated into their respective lots, there was some 
overlap in some of the lots. These cases were read- 
ily separated by visual appearance, dimension meas- 
urement, and chemical analysis. It should be pos- 
sible, however, to achieve separation entirely on the 
basis of specific activity, if a greater difference in 
activation between lots is established initially. Fifty 
to a hundred percent activation difference is rec- 
ommended, depending on the total number of dif- 
ferent lots to be evaluated. 

A second field experiment now under way in- 
corporates the improvements of the first. A further 
refinement in recovery is a conveyor belt running 
under a radiation detector. With this belt it should 
be possible to screen the mill charge in one to 
two days. 
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Grinding Magnetic Taconite in 
Rod Mills 


At Reserve Mining Co.'s Babbitt plant, using a longer rod 


mill has solved a problem. 


by E. M. Furness and A. S. Henderson 


RIGINALLY the Babbitt experimental plant 
grinding circuit consisted of one rod mill 10% ft 
diam by 12 ft long in open circuit followed by two 
ball mills 10% ft diam* 12 ft long in parallel cir- 


* Shell liners 3 in. thick, 10 ft ID. 


cuit. Shortly after operations commenced it was 
apparent that the rod mill could not function sat- 
isfactorily at the required 125 gross tons of ore 
per hr. Attempts to operate at this rate produced: 
1) excessive tramp material over rod mill trommel 
screen which could not be handled in this open cir- 
cuit and 2) excess build-up of coarse ore in the ball 
mill circuits because of inadequate rod mill grind- 
ing. Since Reserve Mining Co. ore must be ground 
to 85 pet —325 mesh to produce a satisfactory iron 
concentrate, an efficient and controlled grinding cir- 
cuit is highly important. 

The first step in trying to resolve this grinding 
problem was to determine which unit of the circuit 
was actually in trouble and to what extent. A se- 
ries of tests conducted at a lower tonnage rate of rod 
mill feed indicated that one ball mill could grind 
satisfactorily at rates up to 70 gross tons of rod 
mill feed per hr. 

This method of operation necessarily increased 
both power and steel consumption per ton of ore 
ground, but of more concern, cut the capacity of the 
Babbitt plant by 45 pct below the 125 tph for which 
it was originally designed. Apparently the major 
difficulties of the circuit were confined to the rod 
mill. 

Two possible solutions were proposed: 1) to add 
larger balls to the ball mills and run these mills at 
higher speed to break the coarse ore received from 
the rod mill, and 2) to improve the rod mill grind 
at the rate of 125 tph by increased speeds. 

To develop a grinding circuit that would produce 
the desired tonnage at minimum cost in power and 
steel consumption, it was decided to continue using 


—E. M. FURNESS and A. S. HENDERSON, Members AIME, are, 
respectively, Superintendent of Crushing and Concentrating, E. W. 
Davis Works, Reserve Mining Co., and Chief Process Engineer, 
Reserve Mining Co., Silver Bay, Minn. 

TP 46458. Manuscript, Jan. 11, 1957. New Orleans Meeting, 
February 1957. 
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the slow-speed ball mills. The next step was to 
improve rod mill operation by changing the speed 
of this mill. Such an attack would affect only one 
mill and would allow slower speed on the ball mills. 

The rod mill, as originally purchased, operated at 
15.45 rpm. Additional pinions were purchased to 
test this mill at 16.45, 17.45, and 18.45 rpm. When 
the mill speed was increased by the use of these pin- 
ions, rod breakage with this short mill increased 
out of all proportion to the improved grinding, until 
at 18.45 rpm breakage became as high as 7 lb per 


Screen Analysis Before and After Lengthening of Rod 
Mill 


10-Ft 6-In. x 


10-Ft 6-In. x 12-Ft Rod Mill 14-Ft 7-In. Rod Mill 


90 Tph, 
15 Pet 
+%4-In., Pet 


125 Tph, 


Cumula- 15 Pet 
+ %4-In., Pet 


tive, Pet 


Cumula- 
tive, Pet 


Motor power j 
Speed 


675 hp 
16.45 rpm 


Normal Rod Mill Feed for Babbitt Plant and E. W. 
Davis Works 


E. W. Davis Works 


Boxee 


esh 
esh 


ton of ore ground. Also, the physical problem of 
feeding the mill and disposing of tramp oversize 
again became acute. 
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Crude 
Feed, 
+4 0.61 0.22 a 
+6 2.54 1.41 
+8 5.62 4.00 
+10 9.37 9.33 
+14 14.90 17.25 
+28 12.21 35.18 j 
+ 48 12.73 51.71 
+65 5.12 58.34 
+100 6.22 65.90 
+150 4.23 70.74 
Cumula- Cumula- 
Size Pet tive, Pet Size Pet tive, Pet . 
0.51 +1 in. 2.80 2.80 
1.40 +% in. 5.51 8.31 
6.25 + % in. 19.66 27.97 ; 
23.51 + % in. 17.61 45.58 
62.81 +™% in 13.72 59.30 
82.71 +10 | 19.93 79.23 


Critical Speed, Pct 


At this time the problem was again reviewed. On 
the basis of observation and past experience it was 
believed that rod mill grind could be improved by 
more retention time and also by better rod action, 
which was then poor and erratic. To obtain in- 
creased retention time and improved rod action a 
mill longer than 12 ft was necessary. With the 
manufacturer’s approval it was decided to add to 
the mill length, making it 14 ft 7 in. long. Power 
consumption of the rod mill would be increased 
from 460 to 675 hp by this change. 

Prior to changing the rod mill length, a test of 
several months’ duration was made using 4-in. diam 
rods in the mill in place of the 3%-in. rods origin- 
ally specified. This was an attempt to lower the 
quantity of hard material to handle tramp oversize 
in the rod mill product and to test the possibility of 
lowering steel consumption. Results indicated that 
the tramp oversize, +%-in. material, was decreased 
from % to % ton per shift by this practice. No 
improvement in steel consumption was noted dur- 
ing the test program. Because of the smaller quan- 
tity of tramp oversize, 4-in. diam rods were used in 
subsequent charging of this mill, and the E. W. 
Davis Works are still standardized at this rod size. 

While the manufacturer was fabricating the addi- 
tional length on the rod mill, another test was made. 
The rods were replaced by a balanced charge of 
balls ranging from 1 to 5-in. diam. The mill drew 
390 kw at 14.5 rpm and 460 kw at 16.45 rpm with 
a 40 pct volume loading of balls. With a crude ore 
feed of 15 pct +%4-in. material, the following prod- 
uct was obtained in open circuit at 70 tph feed in 
the 16.45-rpm operation: 


Percent Cumulative 


ame 
| 
| 


Because of the large amount of +4 mesh in the 
product, this type of operation could not be adapted 
to the flowsheet unless the converted rod mill was 
placed in closed circuit. Results did not indicate 
that any major improvement would be obtained, so 
the balls were removed and the rods again added to 
the mill. 

At this time the parts were received for lengthen- 
ing the rod mill. Tests on the 14-ft 7-in. length 
showed that the designed tonnage could be handled 
at a grind acceptable for the ball mills. Table I is 
a typical screen analysis before and after the change 
with the same crude ore fed to the rod mill. 

Even with this improved grind, it was necessary 
with the spiral classifiers then in use to increase the 
speed of the ball mills from 16.45 to 18.45 rpm be- 
fore adequate control of the overflow product was 
obtained. Use of cyclone classifiers or larger spiral 
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classifiers permitted running at the original ball 
mill speed. Subsequently the classification units 
were changed to cyclones, and the ball mills now 
operate at 16.45 rpm. 

The Babbitt plant is now milling slightly more 
than 130 tph of crude ore with the rod mill and 
ball mills operating at 670 hp and 16.45 rpm. It 
is of interest that in this taconite circuit, grinding 
to 85 pct —325 mesh, power consumption is divided 
almost 2 to 1 between the two grinding units. 

During test work on the grinding circuit, con- 
siderable development work was done in the Bab- 
bitt fine crushing plant, which consisted of two 7-ft 
Symons short head cone crushers arranged so that 
they could be run in series or parallel in either 
open or closed circuit. It was found that operating 
in series open circuit these units could crush 3%-in. 
feed to a size easily handled by the rod mills. Closed 
circuit crushing drastically reduced the tonnage, 
while it did not appreciably improve the rod mill 
operation. For a long time this feed was main- 
tained at a maximum of 15 pct +% in. Improved 
liner design has helped better this figure. For the 
past year Babbitt has had little trouble in obtaining 
a rod mill feed below 7 pct +% in. The rod mill 
feed now considered normal for the Babbitt plant 
is shown on page 1359. At the E. W. Davis Works 
the +%-in. material in the rod mill feed normally 
is about 9 pct, which is believed to be caused by 
slightly different screening in the crushing plant. 

Because of the wide variations in ore milled in 
the Babbitt plant, as well as the additional quanti- 
ties of difficult ore indicated from the diamond drill 
cores, larger mills were specified for the E. W. Davis 
Works than had been used at Babbitt. For the new 
plant the rod mills ordered were 10 ft 6 in. diam 
by 16 ft long and the ball mills 10 ft 6 in. diam by 
14 ft long. The longer rod mill allowed a reduction 
in speed without sacrificing horsepower input, and 
this in turn brought rod usage down to a minimum. 

The E. W. Davis Works, with 12 rod mills and 24 
ball mills, offer a natural opportunity to study mill 
liner performance. Of the initial liners as many 
types and materials were installed as were thought 
to have some merit. Among these were single-wave 
with waves varying from 2% to 3% in., lifter bar 
type, and some double-wave in the ball mills. Ma- 
terials included chrome molybdenum high carbon 
steel, manganese, and nickel alloys. Accurate rec- 
ords are being kept of each liner’s performance. 
Although there is not yet much correlation between 
mill capacity, grinding performance, and the type of 
liner, it is apparent that the nickel alloy is standing 
up best. The high wave, which is also a nickel al- 
loy, is standing up best of all. 

The fine crushing product or rod mill feed is a 
little coarser at the E. W. Davis Works than at Bab- 
bitt because of screen differences. This does not 
particularly affect rod mill performance, but be- 
cause it was believed that 4%-in. diam rods might 
contribute to better grinding, these rods were 
charged in one similar mill, and similar feed was 
used for comparison. Data over a two-month pe- 
riod indicated that in grinding the present size of 
feed there was little if any improvement over the 
performance of 4-in. diam rods. 

Because of their length and slow speed the rod 
mills at the E. W. Davis Works are fairly flexible, 
handling variations in the crude ore economically 
and with a minimum of trouble. They have oper- 
ated very satisfactorily for the past year. 
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Rpm 
15.45 63.76 
16.45 67.89 
17.45 72.01 
18.45 76.14 
Mesh 
12.83 
15.30 
17.82 
20.55 
25.87 
33.74 
47.56 
53.89 
+1 62.31 
: +1 66.44 
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New Approach 


Coal Cleaning Efficiency 


Better comparison of washing units with revised evaluation 


of sharpness index. 


by G. G. Sarkar 


HARPNESS of separation and washing efficiency 

are often confused. The sharpness index indi- 
cates the precision of a washing unit; the washing 
efficiency takes into account not only the unit’s pre- 
cision but also the washability characteristics of raw 
coal and the near-gravity materials at the effective 
density of cut. A sound basis for evaluating the 
sharpness index is essential in comparing the sharp- 
ness of separation attained by different cleaning 
units. 

Sharpness Index and Related Criteria: Washing 
plant sharpness of separation has been well repre- 
sented by Hancock’s efficiency chart and Tromp’s 
curve of migrated materials. Some useful coeffi- 
cients derived from Tromp’s curve—the error area, 
probable error, and imperfection value—have been 
widely used to measure sharpness of separation. 
These are defined in a number of papers presented 
at the first and second International Coal Prepara- 
tion Conference held in Paris (1950) and Essen 
(1954).** In evaluating the performance of a dense 
medium separator at four different gravities, Yan- 
cey and Greer* observed that even with similar op- 
erating conditions and the same size grading of feed, 
the imperfection value of a washing plant varies 
through a greater range than the probable error. 
The present writer also observed the same type of 
anomalies in comparing the imperfection values of 
one plant which were determined under almost 
identical conditions. He therefore devised a graph- 
ical method to evaluate a washing unit’s sharpness 
of separation and define it by a single coefficient, 
which is substantially independent of coal char- 
acieristics under normal operation of the unit. Un- 
like imperfection value, the new coefficient can be 
expressed on a percentage basis. 

Coal preparation engineers generally agree that 
the amount of misplaced material resulting from 
any separation in a washing plant is almost directly 
related to the amount of +0.10 sp gr (near-gravity) 
materials. In actual practice, however, misplace- 
ment is not restricted to the +0.10 sp gr range. It 
will be evident from a study of Tromp curves that 
this misplacement often extends over unequal 


G. G. SARKAR is Senior Scientific Officer at the Fuel Research 
Institute, Manbhum, Bihar, India. 
TP 4366F. Manuscript, Sept. 27, 1956. 
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ASH PERCENT 
Fig. 1—Characteristic curves in function of ash. 


specific gravity ranges on the two sides of the actual 
density of separation. The same condition exists 
for near-gravity ash distribution and the resultant 
misplacement of ash units during any separation. 
But so far as the same unit is concerned, the total 
misplacements bear a definite ratio to the amount of 
near-gravity zone materials that is affected by mis- 
placements. This ratio should be constant not only 
for various densities of separation but also for dif- 
ferent qualities of feed coal treated in the same 
plant. This ratio, multiplied by 100, directly repre- 
sents the inefficiency of the plant. When the plant 
inefficiency value is subtracted from 100, the re- 
sult is designated as sharpness index. 

Evaluating the Sharpness Index: The method of 
evaluating the sharpness index is explained here 
with reference to Fig. 1. 

Fig. 1 is a reproduction of the familiar diagram 
used by Cerchar of France to represent the ineffi- 
ciency of a separation in terms of “triangle of er- 
rors,” which is a measure of organic loss. It will be 
observed that the characteristic (yield/fractional 
ash) curve of the raw coal represented by GHAPR 
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Table |. Efficiency Values of the Same Coal Cut At 
Different Densities in a 6-In. Cyclone Washer. Size 
Grading of Feed, %4-in. —36 Mesh BS. 


Table Il. Efficiency Values of a Wemco H.M.S. Plant 
Treating Coals of Varying Qualities. Size Grading Of 
Feed, 2 In. —6 Mesh (Tyler) 


Test No. 1 2 3 4 5 


~ 


Specific gravity of suspension 

Specific gravity of separation 

Yield, pct, clean coal 

Near-gravity (+0.10) materi- 
als, pet 

Probable error 

Imperfection value 
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Error area 

Error index 

Sharpness index as proposed 
by G. G. Sarkar 

Anderson efficiency 

Fraser and Yancey recovery 
efficiency 


8S EScoe 
£ 2S 88008 
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o 
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Fraser and 
Yancey Re- Sharpness 
Test covery Efi- Error Index as 
Source of Sample No. ciency, Pct Area Proposed 
Roslyn Cascade jig refuse 1 95.4 16 98.47 
Roslyn Cascade jig refuse 2 98.4 11 98.68 
Northwestern Improvement 
Co., jig refuse 1 96.4 17 97.86 
Northwestern Improvement 
Co., jig refuse 2 90.0 13 97.94 
Black Diamond jig refuse 1 91.8 16 97.50 
Black Diamond jig refuse 2 99.5 17 98.08 
Commercial Baum jig* 97.2 65 91.35 


* Calculated from data published in Ref. 10. 


and the curve of the washed coal represented by 
GHFJ run concurrently up to the point H, after 
which the deviations become progressively more 
prominent, reaching maximum for the points A and 
J. Both A and J lie on the straight line KSAJ that 
intersects the total floats curve at the point S. The 
intercepts OK or CS represent total recovery of 
washed coal. 

If the washing had been ideal, the two curves 
would have overlapped, and in the final stage J 
would have coincided with A. As it is, the coinci- 
dence in the upper part up to H indicates that for 
the lighter fractions of that range in the washed 
coal, the washing has been perfect, the imperfection 
being more pronounced in the zone of near-gravity 
materials. The same argument is true for the part 
of the characteristic curve RPTS, representing the 
refuse product, that coincides with the raw coal 
curve up to P and then deviates in the path PTS. 
The curve triangles of errors HFJA and STPA that 
are thus formed measure the inefficiency of washing 
and theoretically should be equal in area. It is al- 
ways advisable to take a mean of the two error 
areas in representing the inefficiency of a separation 
to minimize the effect of slight inaccuracies in plot- 
ting the curves.* Fig. 1 shows that the particular 


*It is well known that the area enclosed by the characteristic 
curve, the yield axis from the zero yield, and the horizontal axis 
through any desired point of recovery in yield, gives a direct meas- 
ure of ash units for that amount of yield.’ Thus for a theoretical 
amount of float coal OK, the ash units are measured by the areas 
OGHAK, This area, when divided by OK, gives the ash percent 
of the float coal, as indicated by the peint S on the total floats 
curve. In actual washing practice the area OGHJK is obtained, 
which includes also the excess ash units due to strays. When this 
area OGHJK is divided by OK, the result is the ash percent of the 
washed coal. It is obvious, therefore, that the total ash units added 
to the washed products must have escaped from the refuse side. 
The triangle of error STPA is thus a measure of the ash units lost 
and should necessarily be equal to HFJA. 


zone of ash units that is affected by misplacement 
is indicated by the limiting lines N,H PN,. The per- 
cent error (m) is thus expressed by the ratio 
% (area HAJ + area SPA) 


Area N,H PN, 
index is finally represented by (100 —m). Occa- 
sionally there may be some difficulty in finding the 
exact location of the limiting lines, but this will be 
largely avoided if the curves or their particular 
portions are drawn on a magnified scale. 

Results Showing Sharpness Index of Some Pilot 
Washing Plants: Table I compares the values of 
efficiency coefficients from tests conducted in a 6-in. 
cyclone washer installed at the Fuel Research In- 
stitute, India, treating feed coal of identical quality 
and size (% in. —36 mesh) under similar operating 
conditions. In addition to the standard coefficients 
normally used to qualify the sharpness of separation 


x 100. The sharpness 
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the table includes values on error index as recently 
introduced by Needham and Norton* and values on 
washing efficiency calculated by Fraser and Yancey 
and Anderson formulas. The test results in Table I 
are arranged in order of increasing (+0.10) near- 
gravity materials. 

Table II shows comparative efficiency data’ of a 
30 x 24-in. Wemco pilot plant operating at the 
Northwest Experiment Station of the U. S. Bureau 
of Mines in Seattle. It is to be noted that feed to the 
Wemco plant was collected from the refuse products 
of jig washers installed at three different mines; 
consequently it varied in quality. 

Discussions of Sharpness Index Results: It is evi- 
dent from Table I that while the imperfection val- 
ues of the same washer vary from 0.057 to 0.090, 
the sharpness index values are fairly close, lying 
between 96.63 and 97.65 pct. Even error area figures 
appear to be far more consistent in comparison to 
error index, probable error, or imperfection values. 
It will also be observed from Table I that the An- 
derson efficiency values decrease with increasing 
amounts of +0.10 near-gravity materials and the 
Fraser and Yancey efficiency figures are directly 
proportional to the yield percent of the clean coal. 

Data in Table II show that the sharpness index 
values remain almost unaffected even with varying 
qualities of feed coal. Average value of sharpness 
index for the Wemco H.M.S. plant is 98.1 pct, hav- 
ing a mean deviation of only 0.33 pct from the indi- 
vidual figures. It stands to reason, however, that the 
sharpness index values of the same plant will vary 
with changes in throughput rate and viscosity of 
the medium. 

Limitations of Some Washing Efficiency Formulas: 
There have been many excellent reviews on wash- 
ing efficiency formulas commonly used in different 
countries.**"* This review is restricted, therefore, 
to a brief discussion of the merits and limitations of 
these formulas and possible correlation between 
them. Certain improvements are suggested for 
adapting these existing formulas for wider use. 

With reference to the Fraser and Yancey formula, 
it has often been argued that even if the whole coal 
is passed through the washer and the entire quan- 
tity is recovered at the clean coal delivery end, the 
efficiency is 100 pct. Results of Table I also indicate 
that Fraser and Yancey efficiency is often a direct 
function of the clean coal recovery, which in reality 
is dictated by the cleaning characteristics of the raw 
coal. Moreover, the inherent limitation of this ex- 
pression, involving some arithmetical fallacy,’ is not 
to be ignored. It may sometimes be interpreted that 
the normal Fraser and Yancey values measure the 
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amount of coal lost in operation. But from the 
standpoint of the recovery of different products, the 
coal that is misplaced is not always lost; on the con- 
trary it may improve the quality of middlings. The 
washer is sometimes used merely to select coals into 
different grades. Apart from some of the hypo- 
thetical limitations cited above, the scope of the 
Fraser and Yancey formula can be extended. It is 
readily apparent that overall washing efficiency is a 
function of both recovery efficiency and reject effi- 
ciency. The expression of overall washing efficiency 
should incorporate both these factors. Reject effi- 
ciency is readily calculated from the ratio of weight 
of rejects actually produced to the weight of sinks 
or refuse theoretically recoverable with the same 
ash as that of the actual rejects. The overall effi- 
ciency is subsequently worked out by Eq. 1, as 
follows: 


Overall efficiency 
(Fraser and Yancey) 


Recovery efficiency x percent of cleans 
+ Rejects efficiency < percent of rejects 
100 (1) 

Anderson efficiency values, on the other hand, are 
considered to be quantitative, as they cannot fully 
express the quality of the products. It can be as- 
sumed that of some total misplaced materials (say 
7 pet), the sinks in the clean coal amount to 4 pct. 
But this figure will remain unchanged with 3 pct 
sinks in clean coal and 4 pct floats in refuse and will 
be unchanged for any other ratio of misplacement, 
as long as the total is 7. It is clear that the Anderson 
value cannot be a true measure of the impairment 
of yield or ash. It will be seen later that the Ander- 
son efficiency can be more correctly represented by 
introducing some qualitative factor. 

The ash error method widely used in the United 
Kingdom takes into account both qualitative and 
quantitative factors, but these do not permit satis- 
factory comparison between the efficiencies of a 
plant at different densities of cut or comparison of 
different types of coal treated by the same plant. 
Then again, an increase in the ash content of a clean 


product from 25.0 to 25.2 pct is not so serious as the 
corresponding increase from 5.0 to 5.2 pct. The in- 
accuracy in the former case may result from a sam- 
pling error rather than from faulty operation or 
structural defects of the plant. A better comparison 
between any two values may be obtained if ash 
error is expressed on a different basis, as follows: 


Overall washing efficiency (OE) 


Aca ~ Act Ara ~ Art 
Act Art 


[2] 


where Aca = Ash percent of the actual cleans. 

Act = Ash percent of the theoretical cleans corres- 
ponding to the yield percent of the actual 
cleans (YC.,). 

Ara = Ash percent of the actual rejects. 

Art = Ash percent of the theoretical rejects corres- 
ponding to the yield percent of the actual 
rejects (Yra). 


All the relevant values of Eq. 2 can be obtained 
from the total floats and total sinks curves of the 
reconstituted feed and from actual washery results. 
These efficiency values can also be evaluated graphi- 
cally from Fig. 1. 

One of the most rational approaches to evaluating 
washer efficiency has recently come from Vander- 
walt” of South Africa, who expresses cumulative 
yield and ash content, at any specific gravity of cut, 
in terms of area. Vanderwalt names these diagram 
areas quantity distribution and ash distribution. By 
interposing Tromp curves on these areas, it is pos- 
sible to obtain a clear picture of the nature of any 
separation and an accurate estimate of the quantity 
and quality of products. Efficiency values are easily 
derived from the associated diagrams. In evaluating 
efficiency, Vanderwalt takes into consideration both 
recovery efficiency and reject efficiency—overall 
efficiency is expressed as the product of the two. 
Obviously the expression involving this direct prod- 
uct has many shortcomings and may completely 
upset a washing result by considerably lowering the 
overall efficiency. It is probable that because of this 


Table Ill. Comparative Efficiency Figures Evaluated by Different Formulas 


IV 


v vi 


Fraser and 


Vanderwalt 


Yancey Efficiency Anderson Efficiency Efficiency Ash Error 
(a) (b) (a) (b) \e) (a) (b) (a) (b) 
Vander- Vander- 
walt’s walt's Sharpness 
Specific +0.10 Quantity Ash Index as 
Gravity Sp Gr Mate- Distri- Distri- Proposed 
Sampie No. of Cut rials, Pet Usual Suggested Usual bution bution Usual Suggested Usual Suggested by Sarkar 


77.9 


86.3 


A. Laboratory-Scale Heavy Medium Cone Separator, Size of Coal Treated—% to % In. 


C. Experimental Heavy Medium Separator with Angular Medium Inlet 


cs- — —79.1 —92.2 93.5 89.4 94.8 94.5 89.2 94.5 03 98.5 97.2 
CSs-2 —1.431 —78.2 —94.3 85.0 91.3 89.7 88.7 75.3 89.5 —0.4 95.0 97.2 
CS-3 — 1.548 —54.5 — 96.5 96.6 92.5 90.9 89.8 80.5 89.7 0.3 98.7 98.9 

-4 — 1.520 —§2.1 —98.0 97.8 95.0 95.2 94.7 89.6 94.9 —02 99.1 98.5 

B. Small Coal Jig Washer with Feldspar Bed, Size of Coal Treated—* to 0 In. 

JF/la 1.625 10.2 95.7 90.9 91.5 91.9 87.4 —49.4 85.8 0.9 92.5 95.1 
JF/ib 1.685 9.5 95.6 91.2 91.5 93.3 86.9 —60.1 85.5 1.0 94.5 94.0 
JF/2a 1.668 10.4 98.1 94.0 92.5 92.9 88.1 — 66.1 88.9 0.6 95.4 95.6 
JF/2b >1.90 98.6 95.1 0.6 96.0 95.6 
JF/3a 1.730 43 99.3 97.3 98.0 97.2 94.8 69.5 94.7 0.2 98.4 96.5 
JF /3c >1.90 99.6 98.5 02 98.5 96.7 


78.8 


79.9 


58.4 772 


87.4 


82.4 61.6 82.5 
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I vu vil 
\ 
H.M.S.-1 1.456 79.7 80.9 81.3 || 11 94.3 94.9 
Size of Coal 
2 to % in. 
H.M.S.-2 1.577 22.7 90.9 84.1 13 90.8 93.6 
Size of Coal 
1 to % in. ; 
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limitation only, Vanderwalt’s method has not been 


favorably accepted so far in coal preparation prac- ~ 


tice. In the author’s opinion, a fairer approach to 
this efficiency expression should be as follows: 


Recovery efficiency (Vander- 
walt) x percent of cleans 
+ rejects efficiency (Vander- 
walt) X percent of rejects 


100 


Overall efficiency = 
[3] 


It is interesting to note in this connection that 
Anderson efficiency values can be directly evaluated 
from Vanderwalt’s yield distribution diagram. But 
a more logical procedure of calculating Anderson 
efficiency will be to deduce the corresponding figures 
from Vander walt’s ash distribution diagram. This 
new graphical method of Vanderwalt has other 
potentialities as well. When the Tromp distribution 
curve of apwv particular washer is available, the 
yield and ash of the products can be easily predicted 
by applying Vanderwalt’s method to any coal of 
known washability characteristics. The author is of 
the opinion that Vanderwalt’s diagrams may also be 
used in evaluating sharpness index with fair accu- 
racy. 

Comparative Results of Washing Efficiency, Eval- 
uated by Different Formulas: The various efficiency 
expressions discussed so far have been applied to a 
number of washing tests carried out at the Fuel Re- 
search Institute, India. Comparative results are 
summarized in Table III. The first series of these 
tests was performed in a laboratory unit heavy 
medium cone separator. Some efficiency figures on 
a feldspar jig, as shown in Table III, were obtained 
during performance tests on one of Acco’s small coal 
washers set up at Lodna (India). A third series of 
figures included in the same table denotes the effi- 
ciency values of an experimental heavy medium 
washer, presumed to operate with relatively low 
efficiency. Values of sharpness index for all the 
above units and their individual tests are indicated 
in the last column of Table III. In studying Table Ili 
it must be borne in mind that washability character- 
istics of samples used for the various tests were not 
always the same. 

Discussion of Washing Efficiency Results: It will 
be observed from a study of the Fraser and Yancey 
efficiency values in column IV(a), Table III, that 
for any single unit the efficiency usually rises with 
increasing densities of cut, that is, with increased 
recovery of clean coal. This effect has been more 
truly represented in Table I, the results of which 
relate to the same coal, separated at different densi- 
ties under similar operating conditions. Yancey and 
Geer" obtained similar results while treating the 
same coal in the USBM pilot plant, at four specific 
gravities ranging from 1.39 to 1.72. Column IV(b) 
of Table ITI shows that the normal Fraser and Yancey 
values, when modified by incorporation of rejects 
efficiency factors, give a somewhat different ap- 
praisal of the overall washing operation. 

Column V(a) of Table III reveals that Anderson 
efficiency figures are directly related to the amount 
of near-gravity materials at the densities of cut. 
Theoretically the Anderson values in column V(b) 
evaluated from Vanderwalt’s quantity distribution 
curves should be identical to the figures in column 
V(a). With the single exception of the value for 
test No. CS., the difference is scarcely more than 1 
or 2 pet. The higher value for test No. CS., or the 
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existing small differences for the other tests are 
explained by the fact that the entire quantity dis- 
tribution curve could not be constructed as float and 
sink tests of the raw coal, and its products had not 
been carried out beyond 1.30 to 1.80 sp gr. 

It is important to observe, however, that the 
Anderson efficiency values of column V(c), when 
corrected for misplacement of ash units, show a 
variation of 0.3 to 6.4 pct with respect to the cor- 
responding figures in column V(b). But a com- 
parison of the values of column V(c) with those of 
column V(b) reveals a striking resemblance. Thus 
the Anderson values, corrected for misplacement of 
ash units, and the Vanderwalt efficiency figures, 
calculated on the modified basis, are almost identical. 
The limitation of Vanderwalt’s original formula is 
evident from the unusually low efficiency figure of 
49.4 pct in column VI(a). 

Examination of the values in column VII(a) 
shows that although the criterion of ash error is of 
some general significance in qualifying a washing 
operation, it is not at all convenient for comparative 
purposes. On the other hand, efficiency values repre- 
sented in column VII(b) permit easy comparison of 
two or more washing operations. 

The sharpness index figures in column VIII, un- 
like all the washing efficiency values shown in 
columns IV through VII, are observed to be almost 
constant with respect to any single unit and are thus 
practically independent of the various specific gravi- 
ties of separation affected by that unit. It can be 
seen that the average sharpness index for the H.M.S. 
cone separator is 98.0 pct and the average deviation 
of the various figures from the mean value only 0.75 
pet. Similarly the average sharpness index and the 
average deviation of the small coal jig washer are 
95.6 and 0.68 pct respectively. Corresponding values 
for the experimental heavy medium washer are 94.3 
and 0.65 pct respectively. 


Conclusions 

On the basis of the present study, it may be con- 
cluded that there is no strict correlation between 
any two conventional criteria used to specify overall 
coal washing operation, except thet the sequence of 
variation of efficiency values is iargely maintained 
in some of the cases. 

Values of sharpness index as developed by the 
author are fairly independent of the densities of 
separation and of the characteristics of coal treated; 
hence they may be used to define the efficiency, or 
precision of separation, of any washer. Sharpness 
index is expressed on a percent basis in contrast to 
other related coefficients. 

With the modifications suggested, Vanderwalt’s 
efficiency equation is considered the most suitable 
for expressing the washing efficiency. Efficiency 
according to the modified Vanderwalt equation is 
the same as the Anderson efficiency, corrected for 
misplacement of ash units. 

It is left to the manufacturers, consumers, and 
coal preparation technologists of different countries 
to give a final verdict. As a preliminary step to- 
ward adoption of an international standard for de- 
fining coal washing performance, it is suggested that 
operational figures and analytical results from a 
large number of commercial installations be com- 
pared according to the procedure outlined in this 
article. 
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HE object of this article is to point out the ex- 
perimental relationship which exists among 
contact angle, adsorption density, zeta potential, 
and flotation rate data. In each of the experiments 
discussed in this article, the surface properties of 
quartz, as a function of pH, were measured in solu- 
tions to which constant quantities of dodecylam- 
monium acetate were added. Morrow’ and deBruyn’ 
worked with solutions containing 4.08x10° moles 
per liter, whereas Fuerstenau® and Seele worked 
with solutions containing exactly 4x10~° moles per 
liter, but this difference is not significant. The pH of 
the solutions was regulated with HCI or NaOH in 
all cases. In each case, the addition of collector was 
constant, but the concentration of dodecylammo- 
nium ions decreased because of the formation of 
dodecylamine at higher pH values.” 

Contact Angles: Gaudin and Morrow’ presented 
data for the contact angle of quartz in solutions con- 
taining 4.08x10° moles of dodecylammonium acetate 
per liter between pH 2 and pH 10.15. Using the same 
captive bubble techniques, the writer measured con- 
tact angles on quartz in solutions containing 4x10~ 
moles of dodecylammonium acetate per liter at pH 
values ranging from 9.9 to 13.2. Both sets of data are 
presented in Fig. 1, in which the contact angle in 
degrees is plotted as a function of the pH of the 
solution. From pH 2 to about 8, the contact angle 
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Correlation of Contact Angles, Adsorption 
Density, Zeta Potentials, and Flotation 


by D. W. Fuerstenau 


Rate 


90}~ ~<-Morrow 
Fuerstenou 
80 
70r- 
60 4 
50+ 
§ 40} 4 
2 
§ 30 4 
20 4 
i j i l i i j i 


19] 2 6 8 10 12 14 
pH 


Fig. 1—Contact angle on quartz at 4 x 10~ moles per liter 
dodecylammonium acetate additicn as a function of pH. 
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Adsorption Density, Moles per square cm 


Fig. 2—Adsorption density on quartz at 4 x 10° moles per 
liter dodecylammonium acetate addition as a function of pH. 


increases slightly with increased pH, but further 
increase in pH causes a sharp rise in the contact 
angle to a maximum of about 80°. At pH values 
above 11.6, the contact angle drops sharply, reach- 
ing zero by pH 12.6. 

Absorption Density: Using carbon-14 tracer tech- 
niques, deBruyn* measured the adsorption density 
of dodecylammonium ions on quartz as a function 
of pH in solutions containing 4.08x10~° moles of do- 
decylammonium acetate per liter. These data which 
are plotted in Fig. 2, show that the adsorption den- 
sity increases slowly with increasing pH until the 
pH exceeds 8, after which the adsorption density 
increases markedly. According to deBruyn, a close- 
packed monolayer occurs when the adsorption den- 
sity is 7.1x10°° moles per sq cm. 

Zeta Potential: Using streaming potential tech- 
niques,** the writer measured the zeta potential 
of quartz in solutions containing an addition of 
4x10° moles of dodecylammonium acetate per liter 
as a function of pH. The experimental data, which 
are presented in Fig. 3, show that increasing the pH 
from 4 to 9 causes { to become more negative, reach- 
ing a maximum value at about pH 9. Between pH 
9 and 10 ¢ decreases sharply, until at the higher pH 
value it becomes positive. Further increase in pH 
then causes { to become negative again. 

Flotation Rate: Seele studied the rate of flotation 
of quartz using the modified Hallimond flotation 
tube. In this cell 1.80+0.04g of 48 to 65-mesh quartz 
was floated at the time necessary for recovery of 
about 85 pct under the optimum flotation conditions. 
This turned out to be 10-sec flotation at pH 10 with 
an addition of 4x10° moles of dodecylammonium 
acetate per liter. In these tests using a collector 
addition of 4x10° molar, recovery of quartz was 


1366—MINING ENGINEERING, DECEMBER 1957 


T | | T | T 
~<-Fuerstenou oul 


= 


= 


Fig. 3—Zeta potential of quartz at 4 x 10° moles per 
liter dodecylammonium acetate addition as a function of pH. 


determined as a function of pH for flotation periods 
of exactly 10 sec. The experimental data are pre- 
sented in Fig. 4, the recovery for a 10-sec flotation 
being plotted as a function of solution pH. It can be 
seen that the recovery increases rapidly as the pH 
exceeds 8, reaches a maximum of about 85 pct at 
pH 10, and then decreases to zero by pH 12.9. This 
curve is a measure of the relative flotation rate, 
using 100 as a basis. It should be pointed out that if 
a longer flotation time were used, this marked 
change in recovery naturally would not show up. 
Only by picking the time for optimum flotation is 
it possible to illustrate the effect of flotation rate. 

Correlation of Contact Angles, Adsorption Density, 
Zeta Potentials, and Flotation Rate: All four sets 
of data are plotted on an appropriate scale in Fig. 5. 
Using deBruyn’s value of 7.1x10™ moles of dodecyl- 
ammonium ions per sq cm as monolayer coverage, 
the adsorption density data were recalculated in 
terms of percentage of monolayer coverage. In Fig. 5, 
the recovery for a 10-sec flotation in percent, the 
contact angle in degrees, and the adsorption density 
in percentage of a monolayer are plotted on one 
scale. The zeta potential in millivolts is plotted on 
another scale. Observation of Fig. 5 shows that there 
is excellent correlation among these four surface 
and flotation phenomena obtained by four different 
investigators. 


Discussion of Results 


Increasing the alkalinity of the solutions with 
NaOH has a three-fold effect on the system: (1) the 
negative charge at the quartz surface is increased;* 
(2) the concentration of dodecylammonium ions in 
solution is decreased through the formation of do- 
decylamine molecules;* and (3) the concentration of 
sodium ions is increased. 

Two different mechanisms of collector ion ad- 
sorption are responsible for the shape of the curves 
presented in Figs. 1-5. The phenomena can be ex- 
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Fig. 4—Recovery of quartz under constant flotation condi- 
tions at 4 x 10° moles per liter dodecylammonium acetate 
addition as a function of pH. 


plained by briefly looking at the work that is re- 
quired to bring a collector ion from the bulk of the 
solution to a point at the interface. This work, w,, is 
given by 

w, = + 


where v, is the valence of the ion, e is the electronic 
charge, , is the potential at the point in question at 
the interface, and ¢, is the adsorption potential that 
arises from association of hydrocarbon chains at the 
interface. Increasing the pH causes the adsorption to 
increase because the electrical potential #, increases 
in absolute value. Once sufficient collector ions are 
adsorbed, van der Waals’ attraction between hydro- 
carbon chains becomes effective and this gives rise to 
the adsorption potential, ¢,. Since this phenomenon 
causes the adsorption of additional dodecylammo- 
nium ions, the surface would certainly become more 
hydrophobic, which would be reflected in the mag- 
nitude of the contact angle (Fig. 1) and the flotation 
rate (Fig. 4). At high pH values after sodium ions 
have displaced dodecylammonium ions, the surface 
would again be hydrophylic, the contact angle being 
zero. This suggests further proof that dodecylam- 
monium ions and not dodecylamine molecules act as 
the collecting agent. 

The curve representing the zeta potential as a 
function of pH of solutions containing 4x10~ moles 
of dodecylammonium acetate per liter is somewhat 
more complex, since potential measurements reflect 
the effect of all ions in the system. The zeta potential 
becomes increasingly negative as the pH is raised, 
since the concentration of the potential-determining 
anions is increased without changing the total ionic 
strength of the solution. However, once the ami- 
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Fig. 5—Correlation between contact angle, adsorption den- 
sity, zeta potential, and flotation recovery. 


nium ions begin to associate at the interface, they no 
longer act as monovalent ions but as multivalent 
counter ions that bring about a rapid reversal in the 
sign of {. The marked reversal of { which a long- 
chained collector can cause is important in flotation, 
not the absolute magnitude or sign of (, because this 
phenomenon indicates the association of collector 
ions at the interface. In the case illustrated in Fig. 3, 
above pH 11 excess sodium ions displace adsorbed 
dodecylammonium ions and { resumes the negative 
potential that is expected for a negatively charged 
solid surrounded by monovalent cations. 


Summary 


Surface phenomena that reflect conditions at the 
solid-liquid interface (adsorption density and zeta 
potential studies) can be correlated directly with 
surface phenomena that reflect conditions at the 
solid-liquid-gas interfaces (contact angle and flo- 
tation experiments). This refutes the common belief 
that adsorption and electrokinetic studies cannot be 
correlated directly with flotation because of the 
different interfaces involved. 
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ENEFICIATION of the manganese oxide ores 
eat Three Kids Mine near Henderson, Nev., has 
evolved over a period of years. Commercial applica- 
tion of the process is on a secure basis, and an effec- 
tive working hypothesis has been formulated to help 
solve the problems encountered in flotation. 

An outstanding difference between the Manganese 
Inc. operation and other flotation processes is the 
necessity for high recovery of slime mineral values. 
Part of the manganese minerals in the Three Kids 
ore deposit occurs as primary slime or as minerals 
that are easily slimed by grinding. High recovery of 
this slime portion is essential to an economic over- 
all manganese recovery. The aim of much of the re- 
search at Manganese Inc. was to recover these slimed 
and finely ground minerals by flotation. 

Early Agglomeration Processei: Tunbridge’ in 
1880, followed by Everson’ in 1886 and Cattermole’ 
in 1904, discovered that under certain pulp con- 
ditions precious metals and_ sulfide minerals 
could be agglomerated if enough soap or oil 
were mixed into the pulp slurry. These agglomerated 
particles, which under ideal conditions ranged from 
1/16 to 1/4 in. diam, were recovered by screening, 
tabling, and hydraulic classification. Even flotation 
by air occluded in the agglomerate particles by 
vigorous stirring was suggested. Cattermole nearly 
succeeded in getting his process into commercial 
operation, but it was finally abandoned, presumably 
because he could not compete with the low reagent 
requirements of the new agitation froth process. 

Since Cattermole’s time Christensen in 1921, 
Borcherdt* in 1926, and Chapman and Littleford’ in 
1934 have attempted to apply the principles of ag- 
glomeration. In the light of current research at 
Manganese Inc. on conditioning of pulp at high 
energy input levels, it is interesting to note the 
variety of equipment such as tumbling mills, mix- 
ing drums, and shakers described by Borcherdt in 
his patent to produce the agglomerated particles. 

Ore Characteristics: Manganese in the Three Kids 
ore occurs as a complex mixture of manganese ox- 
ides commonly known as wad. The manganese min- 
erals have been identified as psilomelane, hollandite, 
coronadite, and pyrolusite with minor amounts of 
rhodonite and rhodochrosite. The principal gangue 
minerals are quartz, opal, kaolinite, montmoril- 
lonite, calcite, gypsum, celestite, and barite. Most 

of the manganese ore minerals are either porous 
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Agglomeration Flotation of 
Manganese Ore 


by Ellis H. Gates 


Fig. 1—Agglomerate particles of manganese flotation con- 
centrate showing dense, compact structure and size uni- 
formity. 


and sponge-like in structure or soft clay-like 
masses composed of fine grained mineral particles 
approaching the size range of colloids. Consequently 
the ore minerals from the Three Kids mine have 
relatively large surface areas and high void content 
per unit weight. The specific area of various manga- 
nese ore samples measured at the California Re- 
search Corp. laboratories ranged from 32 to 58 sq m 
per g. The great surface area and high void content 
explains in part the unusually high reagent con- 
sumption required in the treatment of this ore. 

Current Milling Practice: At Henderson’ the ore is 
crushed to —1 in. and ground with rod mills in a 
closed circuit with spiral rake classifiers and cy- 
clones. Sulfur dioxide solution is added to the pulp 
as it leaves the grinding circuit, immediately fol- 
lowed by addition of a reagent mixture of soap, oil, 
and wetting agent in the form of an emulsion. The 
reagents are initially well mixed into the pulp 
during their passage through centrifugal pumps to 
the conditioning equipment. 

All reagents are added prior to conditioning. The 
intense conditioning or mechanical stirring of the 
pulp, in which large amounts of power are con- 
sumed, is the principal difference between the flow- 
sheet used at Manganese Inc. and a standard flota- 
tion circuit. As much as 38 kw-hr of energy per dry 
short ton of ore in a pulp containing 18 to 23 pct 
solids is used for conditioning. 

After conditioning, the pulp passes to a flotation 
circuit that consists of one roughing stage, a scav- 
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Fig. 2—Heavily laden froth of agglomerated manganese 
the final cleaner cells. 7 


enging stage, and four cleaning stages. The manga- 
nese is recovered by filtration as a finely granulated 
concentrate of agglomerated manganese mineral 
particles which is sintered and nodulized for ship- 
ment in the subsequent kiln operation.” 

Concept of Agglomeration Flotation: Many tenta- 
tive explanations have been made as to the mech- 
anism in beneficiating wad ores from the Three Kids 
mine. Conditioning was known to be important, but 
it was not clear to what extent, or how its effect 
could be measured. To the author’s knowledge, 
A. W. Fahrenwald*® in 1955 was the first to apply 
quantitative energy measurement and watt-minutes 
and the first to correlate this work input to manga- 
nese recovery. Because of factors not understood at 
that time, the effect of conditioning on flotation was 
considered temperamental and critical. Control of 
results was difficult. The following postulated mech- 
anism of agglomeration flotation is the best explana- 
tion found at present for the data that have been 
accumulated. It has been a valuable aid in perfect- 
ing the milling operation at Henderson. 

In the agglomeration flotation process the first 
reagent added is sulfur dioxide, which reacts with 
the ore minerals to form manganese ions in the pulp. 
It is assumed that these ions are adsorbed on the 
manganese minerals, forming active surfaces for re- 
action with the soap component of the emulsion. 
The role that hydrogen ion concentration plays in 
this activation mechanism is not yet well defined. 
Manganese minerals have been activated and 
floated over wide pH ranges under various test 
conditions. The emulsion, which is added after the 
sulfur dioxide, is composed of tall oil soap skim- 
mings, petroleum oil, a petroleum sulfonate wetting 
agent, and water. These reagents are emulsified for 
convenience in proportioning, handling, and meter- 
ing into the pulp. While the manganese can be 
floated by adding the reagents separately, they are 
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more effectively utilized when dispersed in the 
emulsion fo:m. When the emulsion is added to the 
pulp, the soap is withdrawn from solution and pre- 
cipitated on the activated surfaces of the manga- 
nese minerals as insoluble manganese soap mol- 
ecules. These attached molecules are presumably 
oriented with their hydrocarbon chains outward. Re- 
moval of the soluble soap tends to produce an emul- 
sion break, which frees the oil to coalesce and film 
the manganese minerals by preferentially wetting 
the fatty acid covered surfaces.” 

Mechanical energy is then applied to the pulp by 
vigorous agitation in conditioning tanks. The absorp- 
tion of this energy by the pulp induces a random 
motion to the suspended oil-filmed manganese par- 
ticles which apparently allows these particles to 
collide with others, and dense agglomerate parti- 
cles are built by fusion of the oil films. In addition 
to the possible formation of manganese agglomer- 
ates by impact, the reagents used also produce a 
tendency for manganese flocculation to take place. 
This alone does not produce a clean, well mineral- 
ized froth, but the kneading action of these low den- 
sity, weakly bonded flocs appears to consolidate 
them into dense agglomerates that make possible 
the heavy granular froth loads required for effec- 
tive flotation. The sulfonate component of the emul- 
sion controls the size and density of these agglom- 
erate particles, presumably by modifying the surface 
energies at the water and oil interfaces. The uni- 
formity in size of these agglomerates is shown in 
Fig. 1, a micrograph of manganese concentrates. 
Characteristic froth on the cleaner cells bearing the 
agglomerated particles is shown in Fig. 2. This froth 
is so heavily laden with the dense agglomerates that 
it splashes audibly when it strikes the launder as 
it is paddled from the lips of the cells. 

For convenience, the conditioning energy input 
has been measured in kilowatt-hours per dry short 
ton at a specified pulp density. Tests indicate that 
within the limits of pulp fluidity the conditioning en- 
ergy may be more effectively utilized as the percent 
solids of the pulp increases. The optimum amount 
of energy needed for any varticular ore appears to 
depend on the number, size, and physical charac- 
teristics of mineral particles per unit volume of 
pulp, the viscosity of the pulp, and, to a small ex- 
tent, on deviations from the optimum amount and 
composition of emulsion added. 

Manganese Activators and Emulsion Composition: 
According to the proposed explanation of the phe- 
nomenon of manganese mineral activation, manga- 
nese ions in the pulp solution are directly responsi- 
ble. Sulfur dioxide is a convenient way to introduce 
these ions into a pulp by taking manganese oxides 
into solution. A chemical equivalent amount of man- 
ganese sulfate will serve as an activator almost as 
well. Other heavy metal ions such as copper, iron, 
and lead also act as activators with varying degrees 
of effectiveness. 

Tall oil soap skimmings, a byproduct of the pulp 
paper industry, is one of the three emulsion constit- 
uents. The active components of the soap skim- 
mings are fatty acid and rosin acid sodium soaps. Of 
these two types of compounds, the fatty acids, which 
in tall oils are chiefly oleic and linoleic acid, are 
found to be considerably more effective as collec- 
tors. The second constituent of the reagent emulsion 
is a light-weight petroleum mixture of gas oil and 
diesel fuel. Other hydrocarbon oil products can be 
used instead, but availability, ease in handling, and 
low cost give preference to this product. The third 
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FITTED BINE CONNECTED 
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TO FLOTATION 


Fig. 3 (above)—Flowsheet showing distribution of 2300 hp in 
the conditioning circuit and the points at which samples are 
taken to test conditioning effects. Fig. 4 (right)—Conditioner 
design as developed at Manganese Inc. 


constituent of the reagent emulsion is a surface- 
active, detergent type of sulfonate. A number of 
the oil and water-soluble sulfonates will serve when 
used in proper proportions. The sodium alkyl aryl 
sulfonate commercially known as Oronite slurry, 
containing 43 pct active ingredient, is used at Man- 
ganese Inc. because it is water-soluble, readily avail- 
able, and comparatively inexpensive. 

To obtain optimum metallurgical results, amounts 
of these reagents, and hence the composition of the 
emulsion, are varied with changes in reagent re- 
quirements of the ores. The emulsion used in the 
mill circuit contains about 20 pct total active in- 
gredients and 80 pct water. These emulsions are not 
stable and must be agitated continuously, but they 
do serve to disperse the reagents throughout the ore 
pulp. The reagent requirements for the various types 
of ore from the Three Kids mine vary from 25 to 
40 lb of soap (dry weight), 120 to 180 lb of petro- 
leum oil, and 5 to 10 lb of Oronite (dry weight) per 
ton of ore. About 8.5 lb of sulfur dioxide are re- 
quired for adequate activation of the manganese. 
Because of the porosity, fine particle sizes, and 
amount of manganese oxide minerals to be floated, 
the amount of reagent used is not as surprising as 
it first seems. 

Measurement and Application of Conditioning 
Energy: There are considerable differences in the 
conditioning requirements for the various types of 
Three Kids ore—freshly mined, weathered, well 
consolidated or crystalline, and microcrystalline and 
clay-like ore. Conditioning requirements vary from 
100 kw-hr or more per dry short ton for the fresh- 
ly mined clay-like ore to only a few kilowatt-hours 
per ton for ore composed mainly of the crystalline- 
type minerals. These differences in conditioning re- 
quirements may have caused some of the earlier un- 
certainties and differences of opinion about the 
significance of conditioning. 

Since the higher amount of conditioning required 
by some of the ores would have been impractical, a 
compromise was made by blending these with ores 
requiring less conditioning so that acceptable flota- 
tion could be obtained with the facilities available. 
This blend insured a well mineralized froth and good 
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flotation action, with a minimum sacrifice of slimed 
Manganese minerals that had not been fully condi- 
tioned. The energy input currently furnished at the 
Henderson concentrator for conditioning is about 
38 kw-hr per dry short ton, or a total of about 2300 
hp to treat a daily mill feed of 1100 tons. The flow- 
sheet, Fig. 3, shows the distribution of this power to 
the conditioning circuit. 

When it was suspected that the various ores from 
the Three Kids deposit did not necessarily require 
the same conditioning for optimum metallurgical 
results, laboratory and full-scale test procedures 
were devised to evaluate the conditioning effect. In 
the laboratory the procedure was simply to condi- 
tion for various periods of time a standard volume 
of pulp at a fixed pulp density in a Fagergren-type 
cell operating at constant speed. After conditioning, 
the flotation test was completed by a standardized 
procedure. The conditioning effect was then evalu- 
ated by plotting manganese recovery against condi- 
tioning time. 

A correlation of conditioning time in the labora- 
tory cell with work input in full-scale equipment 
was made by comparing the laboratory results with 
those obtained using a 6-ft diam batch conditioning 
tank holding 50 cu ft of mill pulp. This tank was 
equipped with baffles, a 30-hp motor, V-belt drive, 
and shaft upon which variously designed turbine- 
type impellers could be tested. To extend the test 
data, the motor was operated at overload from 30 to 
50 hp as calculated from ampere and voltage read- 
ings. The drive was fitted with turbine impellers of 
widely varying diameters but proportioned to trans- 
mit the required power to the pulp. 

With this equipment the mill pulp with reagents 
added could be agitated under full-scale operating 
conditions at various rates of energy input and at 
various impeller peripheral velocities. At timed in- 
tervals throughout a test run, samples of pulp would 
be dipped from the conditioning tank and floated in 
the laboratory according to the standardized proce- 
dure. Curves showing the relationship of work in- 
put (kw-hr/dst) and manganese recoveries could 
then be plotted, and from these curves the optimum 
amounts of conditioning could be determined. A 
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comparison of the curves for the full-scale condi- 
tioning tests with the curves produced by labora- 
tory conditioning of sampies cut from the same pulp 
allowed correlation of the laboratory work to full- 
scale operations. Such a correlation provided a valu- 
able tool in the overall evaluation of manganese ore 
amenabilities by laboratory procedures. 

An unanticipated result of the large-scale test 
work was the discovery that the amount of mechan- 
ical energy put into the pulp was the important 
factor in the conditioning effect, and not the rate or 
the manner in which it was applied to the pulp. 
Within the limitations of the equipment used, no 
measurable difference in conditioning action could be 
detected between applying a little power for a long 
time or a lot of power for a short time. Also, neither 
the shape of the impeller nor its peripheral velocity 
up to 2650 fpm, the highest speed tested, had a 
measurable effect provided that the impeller was 
shaped to transmit the mechanical work into the 
pulp. 

The large amount of work applied to the pulp in 
the mill circuit naturally raises pulp temperature. 
This temperature rise, about 14°F, seems to have a 
beneficial effect, which is probably the result of the 
lower pulp viscosity at the higher temperature. 

Research showed that to condition a large part of 
the future mill feed adequately it would be neces- 
sary to add 20 conditioning tanks, each powered 
with a 50-hp motor. After this additional capacity 
was installed (Figs. 4 and 5) samples were taken 
throughout the conditioning circuit at points shown 
on the flowsheet to evaluate the actual effect on 
manganese recoveries for the various mill feeds. The 
input of kilowatt-hours per dry short ton for each 
of the pulp samples was computed from pulp flow 
and the sum of the applied power in the condition- 
ing circuit to the point where the samples were 
taken. The samples then were floated in the labora- 
tory according to the standardized procedure. From 
these flotation test results, the recovery in percent 
manganese was plotted against the calculated condi- 
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SAMPLE NO.7 PLUS 
4MIN ADDITIONAL 
LAB. CONDITIONING 


RECOVERY OF MANGANESE , PCT 
8 


10 30 40 50 60 
KW-HR PER DRY SHORT TON 
Fig. 6—Typical conditioning curve showing the progressive 
effect on manganese recovery of increasing input of con- 
ditioning energy to the pulp. 


tioning energy input for each sample. Fig. 6, a typi- 
cal curve, gives a clear picture of the progressive 
conditioning action throughout the circuit. The op- 
timum energy required for this particular mill feed 
was about 31 kw-hr/dst in a pulp containing 18 pct 
solids. In this case, the energy put out by the mill 
conditioners exceeded the conditioning requirements 
of this mill feed by 7 kw-hr/dst. 

Effect of Grind and Reagent Amounts on Condi- 
tioning Requirements and Recovery: From the ex- 
planation of the mechanism of conditioning action 
it was postulated that the fineness of grind directly 
affected conditioning requirements of an ore pulp. 
Experiments indicated that the finer the grind, the 


~ 


Fig. 5—Primary conditioning circuit showing 20 conditioners having a total energy input of 1000 connected horsepower. 


TRANSACTIONS AIME 


: ‘ 
- 


& 


DECEMBER 1957, MINING ENGINEERING—1371 


t 
40 
| 

a. 


more conditioning was required for optimum man- 
ganese recovery. Presumably this effect is caused 
by the increased number of particles in the finer 
ground pulp to be agglomerated per unit weight of 
solids. To some extent, an increase in the amount of 
reagent compensates for a deficiency of condition- 
ing. This effect is more pronounced with some Three 
Kids ore types than with others. Apparently it is 
a mass effect of excess reagent. Within limits, more 
reagent will give a better recovery, but more in- 
soluble gangue will be recovered with the concen- 
trate. In full-scale plant operation, the amount of 
reagent must be controlled within narrow limits to 
maintain a manageable froth. A fine grind is de- 
sirable from the standpoint of silica liberation from 
middling particles; therefore there is better man- 
ganese recovery in a concentrate containing the 
maximum allowable silica. This desirability is bal- 
anced with increased conditioning costs and in- 
creased amount of reagents to film the additional 
surface area resulting from the finer grind. 
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Comminution Exposure Constant by the 


Third Theory 


by Fred C. Bond 


N crushing and grinding the larger particles are 

more exposed to the work input. They absorb most 
of the work and protect the smaller neighboring par- 
ticles from destructive contact with the crushing 
surfacc. or grinding media. The importance of this 
exposure differential upon the reduction efficiency 
and product size distribution has long been recog- 
nized. Unfortunately, there has heretofore been no 
direct method of evaluating it, and such indirect 
methods as observing the slope of the plotted prod- 
uct size distributiun line have been used as an in- 
dication. 

In this presentation the Third Theory of Commin- 
ution’ has been used, together with the exponential 
formula for size distribution, to evaluate the ex- 
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posure ratio and exposure constant and to illustrate 
examples of their utility in crushing and grinding 
applications. 

The exposure ratio Er varies from zero to unity. 
It is zero when the product particles are all of one 
size, and it is unity when the work input has been 
equally distributed among all particle sizes. It can 
readily be found from screen analyses plotted ac- 
cording to the Third Theory. 

The exposure constant K is derived from the re- 
ciprocal of the exposure ratio Er. It permits more 
consistent predictions of size distributions and eval- 
uation of many factors concerned in size reduction 
operations. 

The Third Theory’ states that the specific work 
input required for size reduction is inversely propor- 
tional to the square root of the product size less the 
work required to form the feed. When P represents 
the diameter in microns which 80 pct of the product 
passes, F is the size 80 pct of the feed passes, Wi 
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is the work index, or the kilowatt-hours per short 
ton required to reduce from theoretically infinite 
size to 80 pct passing 100u, and W represents the 
kilowatt-hours required per ton, then 


10Wi 10Wi 
VP VF 

This is the mathematical statement of the Third 
Theory; any one of the four quantities concerned 


can be found from it when the other three are 
known. 


When a particle of rock is subjected to rapid or 
slow compression, its shape is deformed and it ab- 
sorbs strain energy. When the rock is locally strained 
beyond its breaking strength, a crack tip forms, the 
surrounding strain energy flows to the crack tip, the 
rapid redistribution of energy causes other cracks 
to form, and the rock breaks with release of the 
absorbed strain energy as heat. The first crack tip 
usually is formed by the rock pulling apart under 
tension or shear just outside the area under com- 
pressive contact. According to the Third Theory, the 
work done is proportional to the length of the crack 
tips formed, which is proportional to the square 
root of the new curface area produced. 

Data which confirm the Third Theory have re- 
cently been published in Germany.’ Four cement 
clinkers in particles ranging from 750 to 10004 were 
ground with precise successive work input and sur- 
face area measurements. When the work input in 
kilowatt-hours per ton was plotted against the prod- 
uct surface area in square centimeters per gram, 
curved lines resulted, but when the work input is 
plotted against the square root of the product sur- 
face area, the resulting lines are straight after the 
closely sized feed particles have been sufficiently 
broken to provide feed with a natural size distribu- 
tion. 

A. F. Taggart selected 80 pct passing size as a 
practical criterion of the size of a crushed or ground 
product.* When the percent weight passing is plotted 
against the particle size on log-log paper, the re- 
sulting power law distribution line is usually only 
slightly curved at less than 80 pct passing and is 
usually considerably curved above that size. It is a 
very practical selection, since most size reduction 
operations are principally concerned with the size 
of the larger particles, and at 80 pct passing the 
amount retained is enough to insure accurate size 
analyses in this range. It requires modification when 
the natural size distribution is disturbed by removal 
or addition of fines. 


Rocks and many other materials apparently have 
a mosaic framework, the regular lattice structure 
being divided by zones of weakness into mosaic 
blocks of about colloidal dimensions, and in ordi- 
nary grinding failure occurs along these faces. Fine 
mineral filaments without the mosaic structure, such 
as asbestos fibers, are known to have several times 
the specific tensile strength of larger sections, and 
reduction below the mosaic size probably requires a 
large increase in work input, so that ordinary re- 
duction is effectively terminated at this size. This 
mosaic size is called the grind limit, and in this ar- 
ticle it represents a diameter of 0.69, or 13.5 sieve 
spaces below 200 mesh on the standard \/2 screen 
scale. 


Ww= 


[1] 
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Fig. 1—Log-log plot of Third Theory size distribution. 


The grind limit probably represents an average 
size rather than an exact one. There is probably a 
decrease in the amount of particle sizes above the 
grind limit which is balanced by some particles pres- 
ent below the grind limit size. However, an extreme- 
ly large increase in the specific work input is re- 
quired to reduce most of the particles below this 
size. This distribution has been observed‘ in the 
breakage of neat cement cubes, which should be 
homogeneous. 

In this presentation three classes of symbols are 
used: lower-case single letters, upper-case single 
letters, and compound symbols consisting of an 
upper-case letter followed by one or more lower- 
case letters. They are distinguished by the sequence 
rule; in every term lower-case single letters are 
written first, followed by the upper-case single let- 
ters, and the compound symbols are written last. 

Size Reduction: The evidence indicates that rock 
breakage is an exponential type of process.* Both re- 
duction and size distribution of homogeneous mate- 
rials can be plotted according to the Third Theory 
on semi-log paper to yield straight lines, whereas 
all other known theories and types of equation plot- 
ting apparently result in lines which are more or 
less curved. The exponential type equation 


y = b/e™ [2] 


has accordingly been used in conjunction with the 
Third Theory in this article to explain certain com- 
minution phenomena. The exponential treatment 
reveals certain phases of the comminution process 
which remain obscure under the usual power law 
treatment. 

An exponential function was applied to the size 
distribution of comminution products by Rosin and 
Rammler,’ independently of the work input. Their 
plotted curves appeared more nearly straight than 
those of the power function applied by Gaudin’ and 
Schuhmann,* especially in the size region which 
more than 80 pct passes. However, the plots of ex- 
perimentally determined regular size distributions 
remained substantially and systematically curved 
until the Third Theory work input was combined 
with the exponential function. 

Fig. 1, the reduction process chart according to the 
Third Theory, is plotted on semi-log paper. y, the 
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percent cumulative retained on any mesh size open- 
ing, is plotted on the logarithmic vertical scale, and 
x, the work input, is plotted on the linear horizontal 
scale. 

A family of straight lines radiating from y = 100 
pet cumulative retained at zero work input repre- 
sents the reduction of the different mesh sizes, and 
also the size distribution when the exposure ratio Er 
is zero. One line is drawn for each mesh size on the 
standard \/2 screen scale. The base line of y = 20 
corresponds to 80 pct passing. The Third Theory re- 
quires that each mesh size line intersect the base line 
y = 20 at successive increments which increase as 
the fourth root of 2. For instance, the distance be- 
tween the 4 mesh and 6 mesh intersections is exactly 
half that between 14 mesh and 20 mesh, which is 
four spaces distant. 

A set of four different reduction charts on com- 
mercial letter size graph paper with a vertical two- 
cycle logarithmic scale extending from 1 to 100 pct 
cumulative retained on, and a horizontal linear 
scale 7 in. long with different scale divisions, should 
be sufficient for nearly all purposes. Suggested 
ranges of the work input values W on the horizontal 
scale for the four charts are: 


Range Use 


1 0 to 0.14 Crushing 

2 0 to 0.56 Coarse grinding 
3 0 to 1.40 Medium grinding 
4 0 to 5.60 Fine grinding 


The scale of Fig. 1 corresponds approximately to 
chart No. 2. 

When Wt represents the total work input in kilo- 
watt-hours per short ton from theoretically infinite 
feed size, and when w is the work input plotted 
along the base line y = 20, then 


w = Wt/Wi [3] 


The size P in microns which 80 pct passes accord- 
ing to the Third Theory is found from 


P = 100/w* [4] 
and w = 10/\/P [5] 


When w = 1 a total of one work index kilowatt- 
hours per ton has been applied to the rock, and P = 
100%. The successive stages of a reduction process 
can be represented by a series of points plotted 
along the base line y = 20. 

The family of reduction lines is represented by the 
exponential equation 


y = 100/e* = 100/1.74*vP_ [6] 


and when x = w with y = 20 at 80 pct passing, a 
can be found from 


a = 1.610/w = 0.1610\/P [7] 
2—lo 
[8] 
0.0699 \/P 


The size reduction values of y for various fractions 
of the work input are useful in plotting the size re- 
duction charts. They are listed in Table I. 

The intersection w of each mesh size line with 
the base line is found from Eq. 5, with P equal to 
the opening of the sieve in microns. Each mesh line 
is drawn straight through its intersection w with 
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Fig. 2—Third Theory size reduction chart. 


the base line to the upper left-hand corner of the 
chart. When the mesh size lines do not intersect the 
base line y = 26 the value of w/2 can be plotted on 
y = 44.72; w/4 can be plotted on y = 66.87; and so 
on, as shown in Table I. 


Size Distribution and Exposure Ratio: The size 
distribution of any comminution product is repre- 
sented by a line drawn across the Third Theory size 
reduction chart, intercepting the 80 pct passing base 
line at w, the total work applied to the product, 
and ending at the grind limit of 0.69y, as shown in 
Fig. 1. The work-size distribution line is normally 
straight for the homogeneous materials and follows 
the exponential type Eq. 2 when extended beyond 
the grind limit to intercept the 100 pct retained line 
at X, and the y axis at b. 

The location of the straight work-size distribution 
line on the size reduction chart is determined by its 
intercept w on the base line and its intercept X, with 
the y = 100 line at the top of the chart. The expo- 
sure ratio Er is found from 


Er = X,/w [9] 


The exponential size distribution equation of the 
work-size line is defined by evaluating the con- 


Table |. Percent Cumulative 


Work Product Size 
Input On Passing (w = 1) 
(xX) (y) (100-y) (P) 
2w 4.00 96. 25 
w 20.00 80. 100 
w/2 44.72 55.28 400 
w/4 66.87 33 1600 
w/8 81.78 1 6400 
w/16 90.43 25600 
0 100.00 00 
(-w/4) (149.53) 


| 
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stants b and a in the Eq. 2 type of equation, 
(y = b/e**), using Eqs. 10, 11, and 12. 

It can be shown by similar triangles that the y 
intercept b is determined by the exposure ratio Er 
alone, from the equation 


2— 1.301 Er 


log b= 
1— Er 


[10] 


Since x = w when y = 20, it follows that 
a = 2.303 (log b — 1.301)/w [11] 


a = 0.2303 \/P (log b — 1.301) [12] 


log b — log y 10 


= = b—1.301/ \/P 


Where d is any micron size 


[13] 


2 — log y 
0.0699 


Vv [14] 


Where y is the percent cumulative retained on any 

micron size d 

_ 2(log b — 1.301) \/P — log b (0.699\/d) 
(log b — 1.301) \/P — 0.699\/d 


log [15] 


The percent weight retained on each screen size 
can be found from Eq. 15, from which the Third 
Theory crack length and surface area can be calcu- 
lated. One cubic centimeter of solids in particles 
of d microns diameter will have a crack length of 
\/30,000/d centimeters, assuming equivalent cubes. 
The surface area is twice the crack length squared. 

When a equals 5 the Schuhmann* log-log slope m 
is 1/2, and under the Third Theory each sieve size 
fraction has received equal work input. In an aver- 
age open circuit product this occurs when 80 pct 
passes about 48 mesh, with P = 297, w = 0.581, and 
Er = 0.444. 

The increased exposure of the larger particles to 
the work applied constitutes one of the basic pine- 
nomena of comminution, and the Third Theory size 
reduction chart permits its evaluation for the first 
time. In practically all size reduction processes, 
the larger particles are more exposed to the applied 
work and absorb most of it while protecting the 
neighboring smaller particles; this causes the plotted 
work-size distribution lines to slope downward to 
the right. 

If all the particle sizes present were equally ex- 
posed and equal weights absorbed equal shares of 
the total work applied, then according to the Third 
Theory the resulting work-size distribution would 
be represented by the vertical lines x = w, and the 
exposure ratio Er would equal unity. If the product 
consisted of particles all of one size, the work-size 
lines would parallel a size reduction line, and Er 
would equal zero. As Er decreases from 1 to 0, the 
work index Wi decreases, the relative exposure of 
the finer sizes decreases, the Schuhmann slope m 
increases, and the relative efficiency of grinding for 
unlocking increases. 

The Third Theory exponential method of plotting 
the work-size distribution line requires specially 
prepared size reduction charts, but it has many ad- 
vantages. It defines Wt/Wi by Eq. 3. It is most 
accurate in the large particle size portion of the 
sample, which is the most important region in near- 
ly all reduction operations and is precisely where 
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Fig. 3—Exposure constant chart. 


the log-log power law plots are the least accurate. 
For example, if the only information supplied is 
that a material has 90 pct passing a given mesh size, 
a more accurate estimate of the size 80 pct passes 
and of its distribution on all sizes can be obtained 
than is possible on a log-log plot, which is confined 
and normally curved in this region. Any informa- 
tion available that would aid in estimating the 
value of the exposure constant K and the resulting 
exposure ratio Er increases the overall accuracy, as 
explained later. 

Any specific heterogeneities in a material, such as 
natural grain sizes, will cause the plotted work-size 
curve to depart from a straight line, as will any size 
selective action of the reduction machine such as 
oversize feed to a ball mill. However, if the applied 
law definitely results in a straight line for homo- 
geneous materials and homogeneous reduction, as 
the work-size plot appears to do, the deviations in 
any specific instance are more readily recognized 
and interpreted. 

When the work-size line is followed upward, if it 
curves to the right an excess at that size is indicated 
which may constitute a natural grain size; when it 
curves to the left a deficiency is indicated, which is 
extreme in a scalped or screened material and us- 
ually appears in a classifier sand. 

Many work-size lines continue straight to 70 to 
80 pct cumulative retained on, and then curve to 
the left, showing a deficiency in the finer sizes. In 
grinding mill products this can result from the 
absence of grinding balls small enough to reduce 
selectively only these sizes. 

Closed circuit operations tend to cause a deficiency 
at both ends of the product line, which may have a 
deficiency curve to the left, both at less than 10 pct 
cumulative retained and at above 70 pct retained. 

When the plotted line is appreciably curved for 
any reason, the estimated approximately equivalent 
straight line is drawn through the 20 and 45 pct 
cumulative retained on points, and the Er and K 
values are found from this equivalent straight line. 
The variations from the equivalent line show ex- 
cesses or deficiencies at these sizes. However, some 
distribution lines are so irregular that this rule does 
not apply. 
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The Exposure Constant K: As the product size 
decreases and the work input increases, the ex- 
posure ratio normally increases, probably because 
of the grind limit. If the material being reduced is 
homogeneous with no artificial removal or addition 
of fines, the increase is quite consistent. It has been 
found empirically from test results that Er is pro- 
portional to w°” so that 


Er = w**/K = 1.585/P°°K 


[16] 


where K is a quantity called the exposure constant, 
and 


The relationship between the value 5 of a for 
equal work-inputs to all sieve sizes and the expo- 
nent 1/5 of w in Eq. 16 has not been explored 
mathematically. 

The value of K for any values Er and w can be 
found graphically from Fig. 2. It can be drawn on 
single cycle log-log paper from Eq. 17. 

Fig. 3 was constructed to show the relationship 
between the log-log power law plot and the Third 
Theory exponential plot. The average open-circuit 
exposure constant value of 2.00 was used, and 
straight lines were drawn on the exponential plot 
with 80 pct passing each mesh size on the \/2 
screen scale. Then Fig. 3 was made by transferring 
each mesh size line to the log-log plot. The result is 
almost identical with an average open-circuit log- 
log distribution plot constructed empirically some 
years ago. The curvature above the 80 pct passing 
size is very similar, the only substantial difference 
being the slight curvature in the region below about 
15 pct passing. In the empirical plot this portion of 
each line was assumed to be straight, and to con- 
form to the power law, but actual screen analyses 
seem to agree more closely with Fig. 3. 

When Er is 0.444 each standard scale sieve size 
fraction has absorbed the same amount of work 
input under the Third Theory. In Fig. 3 this corre- 
sponds to 80 pct passing 48 mesh, and only this dis- 
tribution line is straight in the fine sizes. 

Taggart* plots the screen analysis of a representa- 
tive crushed ore in twelve different manners to 
compare the various size distribution theories. All 
the plots show some systematic curvature, indicat- 
ing that the actual size distribution does not con- 
form to any of the theories he considers. The same 
screen analysis is plotted according to the expo- 
nential Third Theory as work-size line A in Fig. 1. 
It yields a substantially straight line, with Er = 
0.330, P = 6510, and K = 2.00 from Eq. 17. 

For homogeneous materials the value of the ex- 
posure constant K depends upon the nature of the 
material, the reduction machine, and the type of 
operation. As K increases, the mechanical efficiency 
tends to increase and the work index to decrease. 
Variations of K with different operating conditions 
indicate different efficiencies. A higher value of K 
in closed circuit than in open circuit, in wet grind- 
ing than in dry grinding, in high level discharge 
mills than in low level, and with decreased ball and 
rod sizes, indicates an increased mechanical effi- 
ciency under those conditions. 

Different grinding circuits and conditions in a 
plant can be compared by calculating the work in- 
dex Wi for each grind from Eq. 1. When work-size 
exponential plots of the products are made, the ex- 
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posure ratios Er are measured from Eq. 8, and the 
exposure constants K are calculated from Eq. 17, 
the values of K can be correlated with the Wi 
values. Since the K value will affect the subsequent 
flotation or other processes, such a correlation should 
be of economic value. 

Some approximate K values for average silicious 
ore are listed below: These values are useful in 


Exposure 
Constant 


Type of Operation 


Wet open-circuit grind in overfiow ball mill 
Wet closed-circuit grind in overfiow ball mill 
Wet open-circuit grind in overfiow rod mill 

Dry open-circuit cone crushers 


estimating the size distributions to be expected from 


average materials. However, the table should be 
greatly expanded by experience on crushing and 
grinding different materials. 


Summary and Conclusions 

In crushing and grinding the larger particles 
present are more exposed to the work input, and 
are preferentially broken according to their ex- 
posure ratio, which varies from zero for particles 
all of one size to unity for equal work input to all 
sizes. Efficiency increases as the exposure ratio 
decreases. 

The size distribution of a homogeneous product 
apparently plots as a straight line on the new Third 
Theory exponential work-size reduction chart, from 
which the exposure ratio Er is determined. This 
plot is most accurate in the coarse size range. 

The exposure ratio increases regularly with finer 
grinding, presumably because of the grind limit. The 
exposure constant K corrects for this increase, and 
remains constant for different product sizes. When 
the exposure constant and 80 pct passing size, or 
total work input and work index, are known, the 
homogeneous work-size distribution line can be 
plotted exactly. Curved work-size lines show ex- 
cesses or deficiencies at certain sizes; these may re- 
sult from screening or classification, selective action 
of the reduction machine, closed-circuit operation, 
or certain characteristics of the material, including 
natural grain sizes. The K values will affect plant 
flotation recovery and grade and other treatment 
processes subsequent to grinding. Some typical K 
values are listed as an aid in predicting and corre- 
lating size distributions 

The work-size plots are difficult to make, since 
special plotting paper must be prepared. However, 
it is believed that they would be preferred in many 
instances to log-log plots if suitable printed graph 
paper were made available. They conform more 
closely to the regular exponential size distribution 
law, and they supply fundamental information con- 
cerning crushing and grinding applications which is 
not available from the log-log plots. 
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J. W. Woomer Named 
As SME President-Elect 
To Serve in 1958 


J. W. WOOMER 


The Nominating Committee, Soci- 
ety of Mining Engineers of AIME, 
has announced that J. W. Woomer 
has been nominated as SME Presi- 
dent-Elect to serve in 1958. If elected 
as President-Elect for 1958, Mr. 
Woomer would become President of 
the 12,094-member Society in 1959. 

Well known in mining and coal 
circles, Mr. Woomer is head of his 
own consulting firm, J. W. Woomer 
& Assoc. A native of Philipsburg, 
Pa., he received a B.S. from Penn- 
sylvania State University in 1925 
and an E.M. in 1931. During his 
summer vacatiuns he worked in the 
central Pennsylvania coal fields and 
later in Maryland. Mr. Woomer’s 
earliest professional association was 
with Pittsburgh Coal Co., working 
in the coal fields around Pittsburgh. 
He was later active in the Ohio fields 
during a period with Hanna Coal Co. 
He formed his consulting firm in 
1940. 

Mr. Woomer’s activities have taken 
him to almost all states in the U. S.; 
to Canada; many countries in South 
America and Europe; and to China, 
India, and Australia in the Far East. 
His professional work has been con- 
cerned with coal, lignite, clays, 
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Society of Mining Engineers Announces 
Plans for February AIME Annual Meeting 


1958 Jackling Lecturer 


Abbott H. Shoemaker will receive 
the 1958 Daniel C. Jackling Award 
and will present the annual Jack- 
ling Lecture—his subject: Planning 
for Deep Mining at Homestake. The 
award—-“For leadership in efficient 
mine operation, resulting in profits 
under a fixed gold price in spite of 
inflationary costs, and for his Lec- 
ture .. .”—will be presented at the 
annual MGGD luncheon on Wednes- 
day, Feb. 19, 1958, during the AIME 
Annual Meeting in New York. 

Mr. Shoemaker, who has been as- 
sociated with Homestake Mining Co. 
as general manager in Lead, S. D., 
was just recently made vice presi- 
dent and general manager of all 
mining operations of the company 
and will make his headquarters in 
San Francisco. 

Born in Fall River, Mass., Mr. 
Shoemaker attended the University 
of Colorado and received B.S. and 
M.S. degrees in mining geology from 
the University of Arizona. He served 
in World War I in the Second Anti- 
Aircraft Battalion. His professional 
career has taken him to many parts 
of the U. S., Mexico, and the Far 
East. Some of the positions he has 
filled are: geologist, Old Dominion 
Co., Globe, Ariz.; geologist and min- 
ing engineer, Ahumada Lead Co., 
Chihuahua, Mexico; manager of the 
mining department, Elizalde and Co., 
Manila, P. I.; and manager, Triumph 
Mining Co., Triumph, Idaho. 

Mr. Shoemaker is the fifth lectur- 
er and winner of the Daniel C. Jack- 
ling award. The award and lecture 
were instituted by the Mining, Ge- 
ology, and Geophysics Division of 
AIME (now a division of SME) in 
1953, and was named in honor of 
Daniel C. Jackling, renowned min- 
ing pioneer and executive, who was 
an honorary member of AIME and 
President in 1938. The award con- 
sists of a bronze plaque and is pre- 
sented for “significant contributions 
to technical progress in the fields of 
mining, geology, and geophysics.” 
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A. H. SHOEMAKER 
Previous awards were given to Reno 
H. Sales, Eugene Delos Gardner, 


James B. Macelwane, and Joseph 
Lincoln Gillson. 


Technical Program 


The Society of Mining Engineers 
technical program for the AIME 
Annual Meeting in New York City 
Feb. 16 to 20, 1958, is rapidly taking 
shape. The summary below includes 
data received in New York by the 
seo Secretary’s office up to Novem- 

r 6. 

Headquarters: AIME headquarters 
for the 1958 Annual Meeting will be 
the Hotel Statler, where all SME 
technical sessions will also be held. 
The AIME Welcoming Luncheon, 
AIME Stag Dinner, and the Annual 
Dinner of the Society of Mining Er- 
gineers will be held at the Statler as 
will social functions of the SME 
Divisions. The Annual Banquet will 
be at the Waldorf Astoria. 

Reservations: Those planning to 
come to New York for the meeting 
should make reservations direct with 
the hotels of their choice as soon as 
possible. Additional meeting infor- 
mation and preregistration forms 
will be mailed to all AIME mem- 
bers within the next few weeks. 

(Continued on page 1385) 
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The variety, stimulation, and effi- 
ciency of the 1958 Annual Meeting 
SME program will ensue from the 
persistence and industry of the pro- 
gram chairmen. Behind the scenes, 
these men are writing scores of let- 
ters to nearly several hundred au- 
thors and session chairmen and 
coordinating the results for the final 
program for the 1958 meeting. 


\ 


SME Program  Coordinator—Gill 
Montgomery is a native of Newburg, 
Mo., and attended the Missouri 
School of Mines, receiving his B.S. 
degree in mining engineering, ge- 
ology option in 1935, and engineer 
of mines degree later in 1953. After 
graduation, he engaged in oil country 
geophysics for six years and then 
joined the Minerva Oil Co. in Illi- 
nois. Mr. Montgomery rose through 
the ranks as chief geologist, general 
superintendent, general manager, and 
recently he became vice president of 
the mining division of the company. 
He married shortly after graduating 
from college and has two children. 


MGGD Coordinator—R. H. Feiera- 
bend hails from Little Rock, Ark., 
and is a graduate of Columbia Uni- 
versity where he received his B.A. 
Mr. Feierabend also studied at the 
Columbia School of Mines, obtain- 
ing a degree in mining engineering 
in 1942. Upon completing college, he 
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SME Program Coordinator and Division Chairmen 


started his long association with 
Freeport Sulphur Co., beginning as 
junior engineer in Hoskins, Texas. 
A series of promotions to field engi- 
neer, production engineer, and pro- 
duction superintendent led to the 
post of general superintendent of 
Grande Ecaille Mine in 1953. Since 
last January he has been stationed 
in the company’s headquarters in 
New Orleans and was _ recently 
elected an assistant vice president. 
Mr. Feierabend has served AIME on 
the National Membership Commit- 
tee, the Mining Subdivision Fro- 
gram Committee, and was also on 
the Field Trips and General Com- 
mittee for the Annual Meeting in 
New Orleans. 


MBD—Nathaniel Arbiter, associate 
professor of mineral engineering at 
Columbia University since 1951, re- 
ceived his degree from the same 


institution in 1935. Previous to as- 
suming the teaching post at his 
alma mater, Professor Arbiter was 
associated with the Phelps Dodge 
Corp., Arizona and New York. Prior 
to this, he had served with the Bat- 
telle Memorial Institute in Colum- 
bus, Ohio. The author of numerious 
technical publications and papers, 
he was the last chairman of the 
AIME Technical Publications Com- 
mittee, past chairman of the New 
York Section ECPD, and has been 
active in MBD since its founding. 
Professor Arbiter also was reap- 
pointed as one of the AIME repre- 
sentatives to the Engineering Soci- 
eties Monographs Committee for a 
four-year term which began in Octo- 
ber. He is a resident of Nyack, N. Y., 
married, and has two children. 


IndMD—T. E. Gillingham was born 
in Oxford, Pa., and graduated from 
Harvard University. Subsequently 
he studied at the Universities of 
Arizona and Minnesota. Mr. Gilling- 
ham’s first professional position was 
with Neilson & Co. Inc. in the Phil- 
ippines. Prior to 1954 when he be- 
came district geologist with Bear 


Creek Mining Co., he was associated 
with the War Production Board, 
The Bunker Hill Co., and the AEC. 
During World War II, Mr. Gilling- 
ham served the U. S. Navy as a 
lieutenant. 


Coal—George L. Judy graduated 
from the college of engineering, 
West Virginia University, in 1942. 
He then joined E. I. du Pont de 
Nemours & Co. as a power plant 
supervisor, terminating his associa- 
tion with them in 1945. Since then, 
Mr. Judy has been with the Con- 
solidated Coal Co., West Virginia, 
where he is now serving as vice 
president. Mr. Judy is also a member 
of the West Virginia Coal Mining Inst. 


1958 Dues Bills in Mail 


Notice is hereby given that dues 
for the year 1958 are payable Jan. 
1, 1958, as follows: Members and 
Associate Members, $20; Junior 
Members for the first six years of 
Junior Membership, $12, and there- 
after, $17; Student Members (includ- 
ing an annual subscription to a 
monthly journal), $4.50. 

Dues bills will be mailed during 
the middle of December. Prompt pay- 
ment will assure uninterrupted re- 
ceipt of the publications desired in 
1958. If, for any reason, a bill is not 
received within a reasonable time, 
headquarters should be notified. 


1958 AIME Officers 


At the November AIME Board of 
Directors Meeting, the officers of 
AIME for 1958, and five other Direc- 
tors named to take office for three- 
year terms in that year, were offi- 
cially declared elected. They are as 
follows: President-Elect, Howard C. 
Pyle; Vice Presidents and Directors, 
A. W. Thornton and J. C. Kinnear, 
Jr.; Directors, E. A. Jones, S. D. Mi- 
chaelson, B. P. Kantzer, J. P. Ham- 
mond, W. R. Hibbard, Jr., and 
J. C. Kinnear, Jr. 


. | 
a 
ry 


Winner of the 1957 Robert Peele 
Memorial Award is Allen F. Agnew, 
“for his paper Application of Geolo- 
gy of Zinc-Lead Ore in the Wiscon- 
sin-Ilinois-Iowa District.” The award 
will be given to Mr. Agnew at the 
MGGD luncheon on Feb. 19, 1958, at 
the AIME Annual Meeting in New 
York. 

A native of Ogden, Ill., Mr. Agnew 
received A.B. and M.S. degrees from 
the University of Illinois in 1940 and 
1942 and a Ph.D. from Stanford Uni- 
versity in 1949. His first professional 
experience was gained as a geologist 
with the Illinois State Geological 
Survey. At present, Mr. Agnew is 
state geologist and director, South 
Dakota Geological Survey, and pro- 
fessor of geology at the State Uni- 
versity of South Dakota, Vermillion. 
He has served as geologist for the 
USGS in Wisconsin, Iowa, and Cali- 
fornia, as well as teaching assistant at 
Stanford University, assistant pro- 
fessor at the University of Alabama, 
and associate professor at the Uni- 
versity of South Dakota. 

In addition to AIME, Mr. Agnew 
is a member of the American Assn. 
of Petroleum Geologists, Geological 


Soc. of America, Soc. of Economic 
Paleontologists and Mineralogists, 
and South Dakota Academy of Sci- 
ence. He has published numerous 
technical articles on micropaleon- 
tology, stratigraphy, structure, lead- 
zinc deposits, geomorphology, and 
general geology. The award winning 
paper was published in Mrninc En- 
GINEERING, August 1955. 


A. F. AGNEW 


Besides his many professional ac- 
tivities, Mr. Agnew finds time for 
civic activities and music. 

The Peele award, sponsored by 
MGGD, is given in recognition of 
“significant achievement in author- 
ship in the field of Mining and Ex- 
ploration.” 

Membership 

Reporting on the work of the Mem- 
bership Committee, Dean La Grange 
writes, “We can report progress; let- 
ters have been written to Ray Sat- 
terly of Mining, Walter Heinrichs of 
Geophysics, and Paul Henshaw of 
Geology. They have been asked to 
see that membership chairmen are 
selected in each of the Local Sections 
and Subsections throughout the coun- 
try. These men are already rolling 
and appointments are coming in to 
us every day. 

I would like to request the Chair- 
man of each Local Section and Sub- 
section, not yet contacted by Satter- 
ly, Heinrichs, or Henshaw, to volun- 
teer the services of a man he knows 
will make a good membership live 
wire for the coming year. With the 
right kind of cooperation we can get 
off to a running start in 1958.” 


International Nickel 


Founds Columbia Chair 


The International Nickel Co. Inc. 
has established a Chair in Chemical 
Metallurgy at Columbia University. 
Formal acceptance of the Chair, 
which is endowed by a grant of 
$350,000, was disclosed as a result 
of action taken in the first fall meet- 
ing of the University trustees in Oc- 
tober. In addition to the basic grant, 
$75,000 was given by the company 
for special expenditures incidental 
to establishment of the Chair. 

The new Chair has been desig- 
nated as the Stanley-Thompson 
Chair of Chemical Metallurgy in 
honor of two alumni of Columbia’s 
School of Mines—Robert Crooks 
Stanley, chairman of the board and 
chief officer of Inco until his death in 
1951, and John Fairfield Thompson 
chairman of the board and chief of- 
ficer of Inco since 1951. 

Jack Henry Schulman of Cam- 
bridge University, England, has 


been appointed first incumbent of the. 


Chair. He began his Columbia 
teaching duties immediately follow- 
ing the appointment. Dr. Schulman 


has been reader in surface chemistry 
and a fellow of Trinity Hall, Cam- 
bridge. He recently resigned his po- 
sition as director of the Ernest Op- 
penheimer Laboratory in the Dept. 
of Colloid Science at the English 
University. 

In making the grant, Henry S. 
Wingate, president of Inco, explained 
that the company wished to support 
fundamental research in the surface 
chemical and physical aspects of 
many problems in mineral benefici- 
ation and extraction metallurgy. 


News from Colorado 


Morse Brothers Machinery Co., 
Denver, has made a second contribu- 
tion of $1000 to the Colorado School 


of Mines. The gift is the second pay- 
ment on a $5000 pledge made by the 
company last year. This particular 
portion of the pledge payment has 
been restricted to the capitol im- 
provement program being directed 
by the Colorado School of Mines 
Foundation Inc. 

Further news from the Colorado 
School of Mines indicates that Don- 
ald R. Reid, a native of Perth, Aus- 
tralia, is studying geology at the 
School as a Rotary International 
Fellow. The 25-year-old Reid, a 
graduate of the University of West- 
ern Australia, is one of 130 outstand- 
ing students from 31 countries who 
have been awarded Rotary Fellow- 
ships for study abroad during 1957- 
1958. 


To the Members of the American Institute of 
Mining, Metallurgical, and Petroleum 
Engineers, Inc.: 


The regular Annual Business Meeting of the Institute will be held 
on Tuesday afternoon, the 18th day of February 1958 following the All- 
Institute Session at the Annual Meeting of the Institute in New York. 
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Southeastern States Mining Conference— 
Visitors Laud Four-Day SME Meeting at Tampa, Fla. 


Snapped in an informal moment at the Welcoming Luncheon were, left to right, R. B. 
Ladoo, SME Treasuer; J. L. Gillson, AIME Director; Senator Holland, the luncheon 


speaker; and John Fox, SME Secretary. 


More than 50 papers were presented 
in 13 sessions during the two days of 
technical meetings on Tuesday and 
Wednesday at Tampa during the 
Southeastern States Mining Confer- 
ence and first Annual Meeting of 
SME. 

Thursday and Friday were reserved 
for field trips with many of the reg- 
istrants staying the full four days. In 
fact, for some SME members the con- 
ference began Monday with the Board 
meeting of the Society of Mining En- 
gineers of AIME. 


Technical Highlights 

Coverage of the whole range of in- 
terests of SME members was the aim 
of the program committee under 
chairman J. L. Weaver. Industrial 
minerals activities in exploration, 
mining, beneficiation, and economics 
were highlighted—but not to the neg- 
lect of any other mineral or metal. 
Copper, iron ore, and nickel opera- 
tions came in for study, and data 
was presented on many unit opera- 
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tions of general application in the 
mining industry. 

Minerals economics sessions on 
both Tuesday and Wednesday drew 


much attention. Mine valuation, per- 
centage depletion, evaluation of de- 
posits, tax problems connected with 
exploration, productivity, and con- 
sumption prospects for aluminum 
and zinc were among topics pre- 
sented. 

Mining papers centered interest on 
open pit excavation, electrical in- 
stallation, and explosives. 

Geology and geophysics papers re- 
lated particularly to industrial min- 
erals deposits in the Southeast. 

Beneficiation sessions covered a 
wide range of unit operations, with 
one session devoted to drying, sinter- 
ing, kilns, and dust collection. Other 
papers related developments in flota- 
tion, gravity concentration, heavy- 
media, and solids-fluids separation. 

Arrangements for the approxi- 
mately 450 registrants were handled 
smoothly by the detailed committee 
organization set up under the generai 
conference chairman H. E. Uhland. 
Registration lists were available and 


In addition to stimulating technical 
sessions, a varied schedule of social 
events took place at the Tampa meet- 
ing. ABOVE: The Wednesday night 
banquet was an event without speeches 
but there was entertainment and the 
opportunity for dancing afterward. 
LEFT: Time out for barbecue luncheon 
before the stop at the Davison Chemi- 
cal triple superphosphate plant. 


4 


registrants were supplied with an 
abstract booklet covering papers pre- 


sented. 
Social Events 

Visitors were welcomed to Florida 
at the luncheon on Tuesday by the 
state’s senior U. S. Senator, Spessard 
Holland, who spoke in glowing terms 
of the growth and future of the state’s 
industrial activity. He paid particu- 
lar respect to the contributions of the 
phosphate industry. 

Society of Mining Engineers’ Presi- 
dent Elmer Jones took the opportu- 
nity to introduce many of the mem- 
bers of the Board of Directors of 
SME. AIME President-Elect Augus- 
tus B. Kinzel spoke briefly on the 
need for maintaining quality as well 
as quantity in our engineering and 
science graduates. The new Secre- 
tary of the Society of Mining Engi- 
neers, John C. Fox, was also intro- 
duced at the welcoming luncheon. 

The Wednesday night banquet was 
without speeches, but with enter- 
tainment, and an opportunity for 
dancing. Activities for the ladies’ con- 
tingent included a fashion showing, a 
visit to the nationally famed Cypress 
Gardens water show, and an oppor- 
tunity to sample outstanding Tampa 
menus. 


Field Trips 
The phosphate field trip on Thurs- 
day began with a look at one of Inter- 
national Minerals & Chemical Corp.’s 
mining areas where the Bigger Dig- 
ger and Super Scooper draglines 
were at work feeding the hydraulic 


pits and pumping stations used for 
crude transport to treatment plant. 
The next stop at IMC’s Noralyn plant 


During the meeting field trips were scheduled on October 17 to the Norlyn Mine, Inter- 
national Minerals & Chemical Corp.; the triple superphosphate plant, Davison Chemical 
Co.; or the phosphorus plant, American Agricultural Chemical Co. Shown above is part 


of the Davison plant. 


provided a tour through classifica- 
tion, flotation, and spirals operations. 

Barbecue lunch was served under 
the trees at Davison Chemical’s com- 
pany recreation park, and the tour 
continued at that company’s nearby 
triple superphosphate plant. Final 
stop of the day was at American Agri- 
cultural Chemical Co.’s plant to see 
electric furnace production of ele- 
mental phosphorous. 

Friday provided a visit to an ag- 
gregate production unit, and hardy 
conference attendees turned out for 


deep sea fishing on the Saturday 
junket. 
Committees 

Among the many people who 
should be given credit for hard wurk 
on the Tampa meeting are: H. E. 
Uhland, conference Chairman; J. L. 
Weaver, program chairman; Charles 
Green, arrangements chairman; T. 
Jensen, entertainment chairman; 
Mrs. Harvey Hardy, ladies events 
chairman; and Charles Chapman, 
chairman of the host AIME Florida 


Part of the scheduled phosphate field trip tour was a stop at International Minerals & Chemical’s mining areas. Shown, LEFT, is 
the “Super Scooper” draglines in action; and RIGHT, the hydraulic monitor at one of the pumping stations. 
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The Chateau Frontenac in Quebec 
was the site on October 10 and 11 of 
the 20th annual renewal of the Joint 
Solid Fuels Conference. Ordinarily 
cosponsored by the AIME and ASME, 
the AIME Coal and ASME Fuels 
Divisions were joined for 1957 by 
the Coal Division of the Canadian 
Institute of Mining and Metallurgy 
in presenting the program theme: 
Coal-Energy Reservoir of North 
America. 

Four technical sessions embracing 
15 papers were presented during the 
two days. Leading off the meeting, 
the Thursday morning session, spon- 
sored by the CIM, presented an over- 
all picture of Canadian coal reserves, 
consumption, and marketing prob- 
lems. The session stressed the grad- 
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AIME, ASME, and CIM Hold 20th Annual 


ually lessening proportional role to 
be played by hydroelectric power, 
and contrasted the location of Can- 
adian coal resources with the geo- 
graphic location of high energy use 
industrial areas. A broad picture was 
presented of the continuing demand 
in Canada for U. S. coal, induced by 
the distances between Canadian cen- 
ters of coal production and coal con- 
sumption. 
Technical Sessions 

Papers on the other three sessions 
dealt with continuous mining, dust 
control, bin flow, pelletizing, calci- 
nation, freezproofing, use value cal- 
culation, and cleaning methods. (The 
complete program appeared on page 
908, Mrntnc ENGINEERING, August 
1957). 


Principal speakers at the Thursday luncheon and banquet were Canadians. LEFT: C. Ouellet, dean of the Faculty of Science at 
Laval University, Quebec, drew a witty picture of the transfer of man’s duties and authority to machines. RIGHT: A sketch of the 
growth of Quebec and Montreal and competition between them was given by Jean Bruchesis, Undersecretary of the Province of 
Quebec, at the banquet. 


Guests at the Thursday luncheon 
enjoyed the witty remarks of C. Ouel- 
let, dean of the Faculty of Science 
at Laval University, Quebec. His 
topic probed the ever increasing 
transfer of man’s duties and author- 
ity to the machine and projected the 
present trends—ad absurdum. The 
guests were greeted by represent- 
atives of both the city and provincial 
governments. 


Social Events 

Presentation of the Percy Nicholls 
Award for 1957 to John Blizard 
(ASME) at the banquei on Thurs- 
day evening was made by Carroll 
Hardy, chairman of the award com- 
mittee. Principal speaker at the ban- 
quet was Jean Bruchesi, Undersec- 
retary of the Province of Quebec, 
whose A Tale of Two Cities dealt 
with the growth and competition of 
Quebec and Montreal. The Villagers, 


Winner of the Percy Nichols Award 
for 1957 was John Blizard, Foster- 
Wheeler Corp. (standing right), who 
is shown receiving the award from 
Carroll Hardy, Bituminous Coal Inst., 
(standing center). The award was given 
at the banquet on Thursday evening, 
October 10. 


Joint Solid Fuels Conference at Quebec 


a Quebec dance group, presented au- 
thentic folk dances and songs as 
performed by the original French 
settlers. 

The full schedule prepared for the 
ladies included an all-day tour of 
Quebec City, with a visit to the Cit- 
adel, especially opened for the group. 

The Canadian hosts were to be 
particularly complemented on the 
excellence of the arrangements, serv- 
ing the more than 200 registrants, 
and on the caliber of the speakers 
representing their country. The tra- 
dition of the hospitality of Quebec 
was certainly upheld at this joint 
gathering. 

Conference committee general 
chairman was T. S. Spicer, ASME, 
with H. B. Charmbury, AIME, and 
A. O. Dufresne, CIM, as co-chair- 
men. A. Ignatieff served as chairman 
and E. R. Mitchell as principal co- 
ordinator for the effective Canadian 
coordinating committee. 


Technical sessions during the two-day 
meeting covered a variety of subjects of 
interest to members of all three organiza- 
tions sponsoring the meeting—AIME, 
ASME, and CIM. ABOVE: Participating in 
the Friday afternoon session were; left to 
right, T. R. Scollon, USBM; H. B. Charm- 
bury, Pennsylvania State University; E. D. 
Holdup, Hydro-Electric Power Commis- 
sion of Ontario; Veleair C. Smith, Charles- 
ton, W. Va.; and E. F. Osborn, Pennsyl- 
vania State University. 


Session chairmen and some of the speakers on Thursday afternoon were, left to right: 
G. L. Judy, Consolidation Coal Co.; F. D. Cooper, Bituminous Coal Research Inc.; Donald 
Wiebe, Joy Manufacturing Co.; Paul R. Paulick, Bethel Park, Po.; and J. B. Morrow, 


LEFT: Pausing for a chat during the meeting were Charles Holland, Virginia Polytechnic Institute, who is 1957 AIME Coal Division 
Chairman, and H. F. Hebley, Pittsburgh. RIGHT: Principal coord nator for the Conference organization was E. R. Mitchell, CIM, 
right, who is shown with John Hall, Bituminous Coal Inst. of Canada, center, discussing registration. 
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Mineral dressing ex- 
perts from all over the 
world attended the 
Congress held in Stock- 
holm, Sweden, in 
September. Among the 
group at the head table 
for the banquet can be 
seen W. B. Stephenson, 
second from left, 
official AIME 
representative. 


international Mineral Dressing Congress Held in Stockholm 


Thirty-five persons from the Unit- 
ed States contributed to the record- 
breaking attendance of 800 regis- 
trants—representing 34 countries—at 
the International Mineral Dressing 
Congress held in Stockholm, Swed- 
en, on September 18 to 21. W. B. 
Stephenson represented AIME at the 
meeting. 

Evert Wijkander, president of 
the honorary committee for the 
Congress, introduced the principal 
speaker, Elmer Pehrson of the U. S. 


Bureau of Mines at the opening 
ceremony held in Stockholm’s Con- 
cert Hall. Mr. Pehrson discussed 
The Metallurgist and the Future 
Mineral Supplies of the World. 

P. G. Kihlstedt, Royal Inst. of 
Technology, Sweden, acted as gen- 
eral chairman during seven well ar- 
ranged 1% hr technical sessions 
spread over three days. Thirty-three 
theoretical and practical papers, in- 
cluding five from the U. S., were 
presented and discussed. The c:om- 


plete transactions including discus- 
sion will be published shortly after 
the first of the year and will be 
available for $15 a copy from the 
International Mineral Dressing Con- 
gress, General Secretary, Nack- 
stromsgatan 1, Stockholm C, Sweden. 

In addition to the technical ses- 
sions, numerous social events, in- 
cluding a banquet and dance, were 
scheduled. Inspection trips in the 
Scandinavian countries took place 
after the Congress closed on Sep- 
tember 22. 


Elmer B. Pehrson, LEFT ABOVE, Div. of Foreign Activities, 
USBM, was the keynote speaker at the Congress opening. In 
his talk, he stressed the increasing responsibility of the min- 
ing and metallurgical professions in meeting the growing 
need throughout the world for mineral raw materials. During 
the technical sessions, RIGHT ABOVE, the proceedings were 
translated simultaneously into English, French, and German. 
LEFT, activities were alanned for the ladies attending, in- 
cluding the luncheon shown in the photograph. 


Technical Program 


(Continued from page 1377) 

Technical Pregram: Session sum- 
maries below are tentative in cases 
where papers are due to be added, 
and do not include details of two 
Geophysics sessions and two Ge- 
ology sessions scheduled nor does it 
include last minute changes re- 
ceived after November 6. 

Program Chairmen are now check- 
ing final details with authors and 
session chairmen and the January 
issue of MINING ENGINEERING will 
carry the complete SME technical 
program with session dates. This 
was the picture at press time: 


Mining Subdivision 
Open Pit Mining Session 

Pima Mine Pit and Haulage Facili- 
ties by Robert Thurmond; Mining of 
Magnetite and Martite at Benson 
Mine by Arthur F. Peterson, Jr., and 
Wm. P. Bach; Estimating Data for 
Haulage Trucks-Open Pit Mines by 
Howard Wilmeth. 


Safety and Health Session 

Preplanning Safety in the Ura- 
nium Industry by John E. Bailey; 
Increase Safety, Better Production, 
Through Use of Communication and 
Electronic Equipment by Earl A. 
Berry; Symposium on Safety and 
Health—Panel Discussion a) James 
Westfield, b) John A. Johnson, c) 
Henry N. Doyle, and d) Miles P. 
Romney. 


General Mining Session 

Panel Discussion on Use of Am- 
monium Nitrate Fertilizer for Blast- 
ing a) Charles Grant, b) A. C. Big- 
ley, c) Lewis J. Patterson, and d) 
Walter M. Chapman; Panel on Use 
of Conveyor Belts in Underground 
Metal Mines a) Conveyor Belts in 
Block Caving at Miami Copper Co. 
by Benjamin R. Coil and James B. 
Fletcher, b) Underground Conveyor 
Experience at Inland’s Iron Mines 
by Howard M. Graff and James R. 
Gronseth; Use of Chain Conveyors 
in Block Caving of Soft Iron Ores 
by T. Adolph Kauppila; Raising by 
Use of a Cage by John C. Wangaard. 


General Mining 

Mining Research in Europe by 
Leonard Obert; Statistical Method of 
Calculating and Analyzing Ore Re- 
serves by John A. Patterson; Blast- 
ing Vibrations—Cause and Effect by 
A. Don Leet; Water Probiems in 
Underground Mines. 


Canadian and Latin American 
Session 

The Moa Bay-Port Nickel Project: 
New U. S. Nickel and Cobalt from 
Cuban Ores by Forbes K. Wilson; 
The Bicroft Uranium Mines Opera- 
tion by J. D. Bryce and J. M. Thomp- 
son; Open Pit Mining Operations— 
Knob Lake, Canada by A. E. Moss; 
Mining at Eagle-Picher’s Esmeralda 
Unit, Parral, Mexico by R. B. Taylor. 


Geology Subdivision 
Selected Geologic Topics 


Factors Controlling the Localiza- 
tion of Ore Deposits in the Shulls- 
burg Area, Wisconsin-Illinois Zinc- 
Lead District by R. R. Reynolds; Geo- 
chemical Data on the Origin of Me- 
tallics Ores in Carbonate Rocks by 
A. E. Engle and Celeste Engle; 
Inferred Assemblages of Mineral 
Phases in the System Cu-Fe-As-S 
by Hugh E. McKinstry. 


Copper Mineralization and Regional 
Structure in Arizona, 
New Mexico, and Sonora 


Breccia Pipe Deposits by Reno 
Sales and Roland Mulchay; Pyro- 
metasomatic Deposits by Harrison 
Schmitt; The Texas Linament by 
Evan Mayo; General Relations by 
S. E. Jerome and D. R. Cook. 


Symposium—Geology of Titanium 
—Joint Session of Geology 
Subdivision, Industrial Minerals 
Division, and Society of Economic 
Geologists: 

Geology of Lac Tio Deposits in 
Quebec by Deardon; Geology of the 
Titanium Minerals of Southern New 
Jersey by the staff, N. J. Geological 
Survey; Some Deposits of Titanium 
Sands in West Africa by Louis Moyd; 
Geology of Titanium Sand Deposits 
in Florida and Australia by Joseph 
L. Gillson, E. I. duPont de Nemours 
& Co. 


Geophysics Subdivision 


New Exploration Techniques 

Geochemical Exploration for Total 
Heavy Metals with Aqueous Dithi- 
zone Solution by N. R. Mukherjee; 
Rapid Field Methods for the Color- 
imetric Determination of Nickel for 
Use in Geochemical Prospecting by 
Harold Bloom; Camp and Sample 
Site Determination of Traces of Mer- 
cury in Soils and Rocks by F. N. 
Ward and E. H. Bailey; A Nuclear 
Detector for Beryllium Minerals by 
T. Cantwell, H. E. Hawkes, and N. C. 
Rasmussen; Hydrogeochemical Ezx- 
ploration for Uranium by P. F. Fix; 
A Rapid Field Test for Copper in 
Soils and Sediments by R. H. C. Hol- 
man. 


New Exploration Techniques 

Trials and Tribulations of Launch- 
ing a New Airborne Geophysical 
Method by Hans Lundberg and J. H. 
Ratcliffe; A Study of the Electro- 
chemistry of Self-Potentials Associ- 
ated with Sulfide Ore Bodies by 
Motoaki Sato; Induced Polarization 
in Pyrite-Bearing Sandstones by 
Len Anderson and Geo. Keller; Air- 
borne Radioactivity Surveying as a 
Geological Mapping Tool by Robert 
B. Guillou; Meteorological Influence 
on Radon Concentration in Drill 
Holes by Allen Tanner; Solid Phos- 
phor Core Scanner for Determining 
Radiation in Drill Core Samples by 


W. W. Vaughn, R. H. Barnett, and 
E. E. Wilson; Open Forum on New 
Geophysical and Geochemical Ex- 
ploration Techniques by H. E. Haw- 
kes and S. H. Ward. 


General Session 

Spontaneous Polarization Applied 
in Prospecting for Non-Conductive 
Stibnite by Sherwin F. Kelly; Geo- 
physical Case History of the Clear- 
water Deposit, New Brunswick, Can- 
ada by H. W. Fleming and R. R. 
Brooks; Quantitative Aspects of 
Aeromagnetic Interpretation by D. W. 
Smellie; Defining Mineral Potential 
Areas through Airborne Geophysical 
Surveys by W. George Wahl; Effect 
of Soil Contamination on Geochem- 
ical Prospecting in the Coeur d’Alene 
District, Idaho by F. C. Canney; 
Significance of Geochemical Distri- 
bution Trends in Soil by D. H. 
Yardley. 


Minerals Beneficiation Division 


Crushing and Grinding 

Ball Mill Performance at Super 
Critical Speeds by R. T. Hukki; A 
Study of Various Types of Steel for 
Grinding Media at Climax by F. 
Windolph and E. J. Duggan; Single 
Stage vs Two Stage Grinding at 
Homestake by Frank Howell, Jr., 
and C. E. Schmidt; Pebble Milling at 
Faraday Uranium Mines by Dick 
Roach. 

Concentration 

Relation of Magnetic Suscepti- 
bility to Mineral Composition by 
E. M. Spokes and D. R. Mitchell; 
The Dual Process at Inspiration by 
Cc. B. Kettering and K. L. Power; 
Flotation of Manganese Oxides by 
Selective Flocculation by D. W. Mc- 
Glashan and R. R. Beebe; Xanthate 
Emulsions in Flotation by Arvid 
Anderson. 


Theory of Concentration Processes 
Mechanism of Flocculent Adsorp- 
tion on Clay Minerals by M. E. 
Wadsworth and A. S. Peck; Solu- 
bility of Some Metal Ethyl Xan- 
thates by P. S. M. van Heteren and 
P. L. DeBruyn; Effect of Iron Oxide 
Slime Coatings on Silica Flotation 
by A. M. Gaudin and H. L. Miaw; 
Correlation of Contact Angle, Ad- 
sorption Density, Zeta Potential and 
Flotation Rate by D. W. Fuerstenau. 


Mill Design 

Comparison of 2400 and 4160 Volt 
Distribution Systems for Concentra- 
tors by R. M. Wilson; Earthquake 
Design for Metallurgical Plants by 
W. B. Hester; Taconite Mill Design 
Factors by F. D. DeVaney and Earl] 
R. Johnson; Optimum Applications 
of Motor and Speed Reducers for 
Conveyors by Clark B. Risler. 


Symposium—Magnetic Separation 
History of Magnetic Separator De- 
velopment and Recent European 
Practice by L. A. Roe; Dry Magnetic 
(Continued on page 1386) 
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(Continued from page 1385) 


Cobbing Separations by Wm. M. 
Aubrey; Wet Magnetic Separators in 
Taconite Plants by Luther G. Hen- 
drickson; Magnetic Separation in 
Media Recovery and Other Special- 
ized Fields by K. E. Merklin. 


Pyrolysis and Agglomeration 

FluSolids Roasting of Sulphides 
for Recovery of Copper, Iron, and 
Sulphur by H. Kurushima and R. M. 
Foley; Beneficiation of Low Grade 
Iron Ores by Direct Reduction by 
Alex Stewart and H. K. Work; 
Treatment of High Grade Iron Ores 
for Production of Metallic Iron by 
Earl Smith and Don Babcock; Grate 
Kiln Process for Pelletizing Magne- 
tite Concentrates by Allis-Chalmers 
staff. 


Developments in Materials 


Handling, Operating Control, 
and Dewatering 


The Development of a Continuous 
BPL Analyzer by H. B. Graves, Jr., 
and Elliott Northcutt; Automatic 
Weighing and Ratioing of Solids by 
Thomas L. Mell; Developments in 
Continuous Weighing of Bulk Solids 
by Thomas P. Goslin; Hydraulic 
Solids Flowmetering by E. J. Klein 
and E. F. Nagle; Bulk Solids Lifting 
by Bucket Elevator by C. R. Davis; 
Gamma Ray Gages in Beneficiation 
Plants by J. R. Riede; Continuous 
Pulp Density Measurement in Thick- 
ening by A. M. Gaudin and M. Fuer- 
stenau; The Application of Horizon- 
tal Type Filters to the Metallurgical 
Industries by W. F. White. 


Solution and Precipitation 

Resin-in-Pulp Process at Mines 
Development, Inc. by H. D. Webb 
and G. F. Richards; Climax Urani- 
um Company’s Approach to Vana- 
dium Recovery by Solvent Ezxtrac- 
tion by R. E. Musgrove, E. E. Maurer, 
and R. E. Fischer; Amine Extraction 
of Port Radium Leach Liquor by 
M. E. Grimes; Process for Making 
UF, In Uranium Mills by R. S: Long, 
J. E. Magner and D. A. Ellis. 


Industrial Minerals Division 
Session on Mine Hydrology 
Some Notes on the Principles of 
Mine Hydrology by H. E. LeGrand; 
Hydrologic Factors That Affect 
Water Control in the Zinc-Lead 
Mines of Southwest Wisconsin by 
Charles L. R. Holt; Dewatering 
Problems in a South African Gold 
Mine by M. L. Brashears. 


Session on Generai 
Industrial Minerals 
Removal of Heat in Cement Grind- 
ing by J. R. Tonry; Paper on slate 
utilization by Frank Hoyt; Paper on 
use of jigs in sand and gravel indus- 
try by John Meckenstock. 


Symposium—Geology of Titanium 
Joint Session—Papers listed under 
Geology Subdivision. 


Uranium, Thorium, and Beryllium 
Session 

New Trends in Uranium Geology 
by D. L. Everhart; Geology of the 
Uranium Deposits in the Ambrosia 
Lake-Jackpile Area, New Mexico by 
L. S. Hilpert; Commercial Thorium 
Ores by H. E. Kremers; Beryllium 
Raw Material Supply as it Affects 
Growth of the Industry by S. A. 
Feitler. 


General Industrial Minerals 
Session 

Underground Movement and Sub- 
sidence over the U. S. Potash Com- 
pany Mine, Div. of U. S. Borax & 
Chemical Corp., Carlsbad, New Mezx- 
ico by E. H. Miller and F. O. Pier- 
son; paper on borates by Frank 
Weishaupl. 


MGG Division 

Some Economic Considerations 

in Exploration Geology 

Some Legal Problems Encoun- 
tered in the Acquisition of New 
Mineral Property by R. E. Driscoll, 
Jr.; The Exploration Geologist’s 
Work in Acquisition of Mineral 
Properties by M. W. Cox; Economics 
of Geologic Exploration by Donald 
M. Davidson; Valuation of a Mineral 
Deposit by A. L. Slaughter. Jackling 


The SuperDuty® Table Excels 
in Concentration of Minerals 


For the separation of minerals from finely ground 
pulp, there is no process so efficient as that offered 
by the SuperDuty DIAGONAL-DECK® Table. It 
produces exceptionally high grade concentrates and 
clean, clean tailings. Even the middlings are greatly 
reduced in volume to save wear and tear on circu- 
lating equipment. Send for Bulletin 118-B. 


DEISTER CONCENTRATOR CO., INC. 


The Original Deister Co., Established 1906 


Ave. “Fort Wayne 3, Indiano 


Lecture: Planning for Deep Mining 
at Homestake by Abbott H. Shoe- 
maker. 


Coal Division 


Bump Symposium 

Activity of the Bureau of Mines 
in Bump Investigations and Research 
by Edward Thomas; Causes and 
Control of Coal Mine Bumps by 
Charles T. Holland; The Occurrence 
of Mountain Bumps at the Sunny- 
side, Utah, Mines of the Kaiser Steel 
Corp. by John Peperakis; Progress 
in the Control of Mountain Bumps 
in the Pocahontas No. 4 Seam by 
Woods G. Talman and John L. 
Schroder, Jr.; Coal Mine Bumps Can 
Be Eliminated by H. E. Mauck. 


Coal Preparation 

The Moss No. 2 Preparation Plant 
by Richard Joslin; Coal Preparation 
at the Humphrey Mine by Victor 
Phillips; Application of Mineral 
Dressing Fundamentals to the Solu- 
tion of Fine Coal Problem by M. ©. 
Chang and John Dasher; Cleaning 
of Fine Coals by Converter Process 
by S. C. Sun and W. L. McMorris. 


Symposium—Fluidized Thermal 
Drying of Fine Coal 

Experience with The FluoSolids 
Fine Coal Dryer by M. W. Brandt; 
Fluidization—A Practical Approach 
to Thermal Drying of Fine Coal by 
James P. Blair and Fred Coward, 
Jr.; paper by James C. Wright. 


Technical Session 

Coal Mine Personnel Selection by 
C. R. Nailler; Meeting the Challenge 
of Mining in Thirty Degree Pitching 
Coal Seams by Albert M. Keenan 
and Andrew Allan; The Application 
of Industrial Engineering in Coal 
Mining by Charles W. Rountree, Jr. 


Technical Session 

Benefits Which Derive from the 
Use of A.C. Power Underground by 
Cc. S. Conrad; Continuous Coke Pro- 
duction on a Water-Cooled Grate 
Stoker by E. J. Grace and Joseph D. 
Doherty; Pioneering Carrier Com- 
munications and Control in Mines 
and Mills by W. Porter Place; A 
Comparison of Installation and Op- 
erating Costs of Automatic Skip 
Hoisting vs Belt Slope for Deep Coal 
Seams by R. R. Richart. 


Technical Session 

Safety Features in the Design and 
Development of Ireland Mine by 
George W. McCaa; Auxiliary Venti- 
lation of Continuous Miner Places 
by R. W. Stahl; Planning and Pro- 
gramming for Coal Mine Safety by 
Charles Ferguson. 


Technical Session 

Permissible Dust Counter for Use 
in Coal Mines by Sabert Oglesby; 
Bending of Bituminous Coal Mine 
Roof with Adhesive Materials by 
E. R. Maize; Roof Bolting in Ken- 
tucky Mines by George K. Martin; 
Handling Air from Conventional 
Coal Dryers by Raymond Mancha. 
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AIME Lists Class of 
1958 Legion of Honor 


Each year at the AIME Annual 
Banquet in February, those mem- 
bers of the Institute who have con- 
tinuously maintained their member- 
ship for 50 years are given special 
recognition. They are seated at the 
head table as guests of AIME and 
are added to the membership of the 
Legion of Honor. Those who will 
achieve this status in 1958 are as 
follows: 


Harry C. Dudley 
Duluta, Minn. 


A. W. Edelen 
Mexico, D. F., Mexico 


Donnel F. Hewett 
Menlo Park, Calif. 


C. Baring Horwood 
London, England 


George R. Jackson 
Ishpeming, Mich. 


Michael H. Kuryla 
Golden Beach, Fla. 


Frank A. Linforth 
Butte, Montana 


Robert B. Moran 
Pasadena, Calif. 


Desaix B. Myers 
Pasadena, Calif. 


H. R. Robbins 
Honolulu, Hawaii 


Howard L. Smith 
Washington, D. C. 


Letters from these men give some 
indication of what membership in 
AIME for 50 years has meant to 
them. Some of their comments were: 


“I now feel very happy over 
the fact that I was able to con- 
tinue as a member of the Insti- 
tute for 50 years, during which 
time my membership in the In- 
stitute has been a very happy 
connection and has been the 
means of giving me an enor- 
mous amount of information.” 

“I have enjoyed all of my fif- 
ty years of membership not 
only professionally but also for 
the many happy associations.” 


George R. Jackson, in a letter ex- 
pressing his appreciation for the 
honor, commented, “It may interest 
you to know that on glancing over 
the list of members who have been 
elected to the Legion of Honor I 
found that the first name—that of 
Harry C. Dudley-—was well known 
to me, as I gave him his first job 
after his graduation from school.” 
Others mentioned their pleasure at 
the inclusion of old friends in this 
year’s class: A. W. Edelen stated that 
he noted his “good friends Harry 
Dudley and Mike Kuryla are also of 


the 1908 Class.” Desaix B. Myers 
mentioned both the value of his 
membership and old friends: 


“My membership the 
AIME has been helpful to me 
professionally by keeping me 
abreast of progress in technolo- 
gy, and also because of the 
many fine associations devel- 
oped through the Institute. In 
this regard I am delighted to 
see that my old friend Bob 
Moran is a fellow ‘classmate’ 
and will receive his Insignia 
with me.” 


Members of the 1908 Class, Le- 
gion of Honor, have expressed their 
hope to be able to attend the Annual 
Banquet at which time formal pre- 
sentation of the Insignia will be 
made. The Insignia consists of a gold 
lapel pin engraved with the man’s 
name and is accompanied by an en- 


grossed certificate. 


Engineers Hold Annual 


Arizona Conference 


Phoenix marked the scene of the 
annual joint engineers’ meeting held 
under the sponsorship of the Arizona 
Soc. of Professional Engineers on 
November 15 to 16. A full scale of 
activities ranging from the first an- 
nual Arizona Symposium of Engi- 


neers, to the annual western dance 
and barbeque at Bud Brown’s barn 
were the order of the day. The board 
of directors of the Arizona Soc. of 
Professional Engineers met on Fri- 
day afternoon, November 15, and 
later that evening the annual engi- 
neers banquet was held in the Ho- 
tel westward Ho. Highlight of the 
dinner was an address on the ex- 
ploration of space by a foremost as- 
tronautical authority. On Saturday, 
November 16, programs were con- 
ducted by the Arizona Soc. of Pro- 
fessional Engineers, AIEE, ASCE, 
and the American Assn. of Engi- 
neers. 


SEG Scholarships 


Roy F. Bennett, president of the 
Soc. of Exploration Geophysicists, 
has announced that the second an- 
nual award of university scholar- 
ships in geophysics was made by the 
society. Thirteen scholarships were 
granted by individual companies in- 
terested in the geophysicai profes- 
sion and one scholarship financed 
by the organization’s general fund. 
The 1957-1958 educational grants, 
totaling $12,125, will be taken in 
nine universities. The SEG General 
Fund Scholarship is sponsored joint- 
ly by Exploration Consultants Inc., 
Tulsa, and Well Instrument Develop- 
ment Co. and Exploration Sales 
Corp., Bellaire, Texas. 


Yes Sir! You'll Save Plenty 
ting On... 


You'll save time because Hoffman 
Oriented Diamond Bits expose only 
the hard, sharp cutting edges to the 
work for faster penetration. They cut 
rather than scrape to save on power 
and equipment costs. They assure 
clean, smooth cores that save the 

esswork on formation structures. 

vailable for prompt non aye right 
to your job site in exactly the size 
and type you need—Hoffman Bits will 
also save you plenty of operational 
headaches. 


Write for Literature and Prices— FREE 


HOFFMAN BROS. DRILLING CO. 


100 Cedar Street 


(SINCE 1902) 
Punxsutawney, Penna. 
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AIME Awards for 1958 
Presentation Announced 


The following honors will be con- 
ferred at the AIME Annual Banquet 
on Wednesday, Feb. 19, 1958, at the 
Waldorf Astoria Hotel in New York. 


James Douglas Gold Medal to 
J. R. Gordon, “For distinguished 
contributions to process metallurgy 
in the field of smelting and refining 
of nickel, and metallurgical im- 
provements in nickel recovery.” 


William Lawrence Saunders Gold 
Medal to William J. Coulter. Cita- 
tion to be announced. 


Charles F. Rand Gold Medal to 
John F. Thompson. Citation to be 
announced. 


Anthony F. Lucas Gold Medal to 
Car! Ernest Reistle, Jr., “for his 
distinguished achievements in ad- 
vancing the science of Petroleum 
Engineering through his own techni- 
cal contributions and his ability to 
inspire others; for his forward con- 
cepts and his untiring energy in ad- 
vancing the profession of Petroleum 
Engineering as a practitioner, ad- 
ministrator, and executive.” 


Robert H. Richards Award to 
Fred D. DeVaney, “For his contri- 
butions to grinding, concentrating 
and pelletizing; and for his direction 
of research, metallurgical engineer- 
ing, and development of methods, 
for taconite beneficiation.” 


Robert W. Hunt Medal to G. W. 
Healy and D. C. Hilty. Silver medals 
for paper Effect of Oxygen Input 
Rates in the Decarburization of 
Chromium Steel. JouRNAL oF MEt- 
ALS, May 1957, pp. 695-707. 


J. E. Johnson, Jr., Award to R. H. 
White, “for his contribution in ob- 
taining record production rates on 
blast furnaces and, also, his sub- 
stantial contribution to a practical 
process of desulfurizing hot metal 
which could, in the future, permit 
even larger production rates.” 


Rossiter W. Raymond Memorial 


Award to R. J. Charles, for paper 
Energy-Size Relationships in Com- 
minution. MINING ENGINEERING, Jan- 
uary 1957, pp. 80-88. 


Mathewson Gold Medal, recipient 
to be announced. 


Robert Peele Memorial Award to 
Allen F. Agnew, for paper Applica- 
tion of Geology to the Discovery of 
Zinc-Lead Ore in the Wisconsin- 
Illinois-Iowa District. Mintnc ENGI- 
NEERING, August 1955, pp. 781-795. 

The award presentation will take 
place at the MGGD Luncheon on 
Wednesday, Feb. 19, 1958. 


Mineral Industry Education Award 
to Charles Elmer Lawall, “For his 
outstanding achievements as an en- 
gineering teacher and university ad- 
ministrator; and for his continuing 
interest in the problems of mineral 
engineering education during his 
years as Railroad Executive.” 


Extractive Metallurgy Division 
Award to John N. Ong, Jr., Milton 
E. Wadsworth, and W. Martin Fas- 
sell, Jr., for paper Kinetic Study of 
the Oxidation of Sphalerite. JouRNAL 
or METALS, February 1956, pp. 257- 
263. 


F. Fairless Award to 
Hjalmar W. Johnson, as “Lifelong 
contributor to the science and op- 
eration of the blast furnace, a leader 
in civic affairs and in the engineer- 
ing profession.” 


Daniel C. Jackling Award to Ab- 
bott H. Shoemaker, “For leadership 
in efficient mine operation, resulting 
in profits under a fixed gold price in 
spite of inflatiohiary costs, and for 
his Lecture, Planning for Deep Min- 
ing at Homestake.” 

Mr. Shoemaker will deliver the 
Lecture immediately following the 
MGGD Luncheon on Wednesday, 
Feb. 19, 1958. The award presenta- 
tion will take place at the Luncheon. 


A certificate to Alan H. Cottrell, 
Institute of Metals Division Lecturer 
for 1958. 


A certificate to Maxwell Gensamer, 
Howe Memorial Lecturer for 1958. 


WANTED 


Rare Earth Ores 
CONCENTRATES 


EUXENITE FERGUSONITE GADOLINITE 
SAMARSKITE * THORITE ¢ THORTVEITITE 
XENOTIME 
Tell us what you have. Write: 
RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 
Saint Lovis, Michigan * or P.O. Box 481, Golden, Colorado 
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JOINT AWARDS 

John Fritz Medal to John Robert 
Suman, as “Pioneer in the applica- 
tion of engineering principles to the 
development, production, and con- 
servation of petroleum and natural 
gas; author; industrial statesman; 
and one who takes a keen interest 
and real pleasure in inspiring men 
to make the most of their talents.” 

The award is made by the John 
Fritz Medal Board of Award, com- 
posed of representatives from four 
societies: ASCE, AIME, ASME, and 
AIEE. The medal is given for “not- 
able scientific or industrial achieve- 
ment” and the recipient chooses the 
society of his choice as sponsor for 
presentation. Dr. Suman has select- 
ed AIME and presentation will be 
made at the AIME Annual Banquet, 
Feb. 19, 1958. 


Hoover Medal to Scott Turner, as, 
“Distinguished Mining Engineer of 
international experience and repu- 
tation, who has served his country 
and his profession in times of peace 
and war; active in technical, con- 
servation, and relief work, in pro- 
moting sound engineering practices 
and ethics and the sense of public 
responsibility. 

The Hoover medal is awarded by 
the Hoover Medal Board of Award 
for distinguished public service by 
an engineer. The Boerd is composed 
of representatives of four societies: 
ASME, AIEE, ASCE, and AIME. It 
will be presented to Mr. Turner at 
the AIME Annual Banquet on Feb. 
19, 1958. 

The following award was pre- 
sented to Mr. Blizard at the recent 
CIM-ASME-AIME Solid Fuels Con- 
ference in Quebec in October 1957: 


Percy Nicholls Award to John 
Blizard: “In recognition of the out- 
standing achievement of JOHN BLI- 
ZARD in the field of solid fuels, the 
Fuels Division of The American So- 
ciety of Mechanical Engineers and 
the Coal Division of The American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers confer up- 
on him The Percy Nicholls Award 
for 1957. 

“He has made many contributions 
to advance the practice of radiant 
Superheaters, pulverizer design, 
forced-circulation steam generators 
and related fields. 

“A Fellow of The American So- 
ciety of Mechanical Engineers, he 
has contributed his time generously 
to the work of the technical socie- 
ties. A score of patents and almost 
fifty technical papers have come 
from his work. 

“His concern for and encourage- 
ment of young engineers has greatly 
enriched the lives of all who have 
had the good fortune to know him. 

“We are privileged to honor him 
as an exceptionally fine scientist, 
engineer and leader, a generous 
teacher and an incomparably worthy 
yet modest gentleman.” 


a, a 
4 
4 
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AIME 


BOARD OF 
DIRECTORS 


Recent actions token by the 
Institute Board of Directors 


® Nathaniel Arbiter has been redp- 
pointed as one of the AIME repre- 
sentatives on the Engineering So- 
cieties Monographs Committee. He 
will serve a four-year term begin- 
ning October 1957. 


® It was voted that the same prices 
should apply for AIME Transactions 
and the Journals (JOURNAL OF MET- 
ALS, JOURNAL OF PETROLEUM TECH- 
NOLOGY, and MINING ENGINEERING) in 
1958 as were in effect in 1957. 


® The Four Corners Petroleum Sec- 
tion of AIME was established with 
the proviso that the Bylaws, Arti- 
cle IV, Section 1, be changed. 


® The California Coastal Section of 
AIME was established with the pro- 
viso that the Bylaws, Article I; Ar- 
ticle III; Article IV, Section 1; and 
Article V, Section 3 be changed. 


® Nicholas M. Lazar was appointed 
to represent AIME President Grover 
J. Holt at the ASME Seminar of 
Education Committee held in De- 
troit on Nov. 7 and 8, 1957. 


® The Board was informed that 
the El Paso Metals Section, AIME, 
had voted unanimously on Oct. 11, 
1957, to change its name to El] Paso 
Section, AIME. 


® On the recommendation of the 
Nuclear Metallurgy Committee of 
IMD, The Metallurgical Society of 
AIME, Frank Rough, Battelle Me- 
morial Institute, has been appointed 
to replace J. H. Frye, Jr., as AIME 
representative on the EJC Atomic 
Energy Panel. Mr. Frye had re- 
signed. 


Spectrographers Meet 
The Sixth Annual Seminar on 
Spectroscopy will be held Jan. 8 to 
10, 1958, at the University of Fla. 
Lecturers will be Jason Saunderson, 
Baird-Atomic Inc.; M. F. Hasler, Ap- 
plied Research Laboratories; War- 
ren L. Wright, Hamilton Standard 
Div., United Aircraft; Louis E. Owen, 
Goodyear Atomic Corp.; and Fred- 
erick Brech, Jarrel-Ash Co. They 
will be concerned with the design, 
development, and application of Di- 
rect Readers. Programs for the sem- 
inar will be mailed in December. 
The Southeastern Assn. of Spec- 
trographers will hold its annual 
meeting in conjunction with the 
seminar. For information or reserva- 
(Continued on page 1394) 


PILOT PLANT ROTARY DRYER 


The Ruggles-Coles Pilot Plant Dryer is designed especially 
for laboratory use or for small capacity unit operations requir- 
ing a continuous or intermittent drying step. Each unit: 


@ Is mounted on a structural steel base. 
@ Has removable “knockers.” 


@ Provides for easy changing of shell 
rotation speed or shell slope. 

@ Is available in stainless steel or other 
corrosion-resistant materials. 

@ Requires only fuel supply and power 
connections to be placed in operation. 

@ Is easily moved from place to place. 


it is available in three models: 
(1) XH-XF single-shell, direct gas fired 
dryer. Arranged for either parallel or 


counter-flow operation. Bulletin AH-471. 


(2) XB double-shell, indirect-heat, gas- 
fired dryer for drying without contamina- 
tion. Volatiles removed with only limited 
dilution. Bulletin AH-472. 


(3) XC steam-tube indirect heat dryer. 
Can be connected to any available steam 
supply or furnished with a 3-HP steam 
generator. Bulletin AH-473. 


For complete information write Depart- 
ment 2. 


XC STEAM TUBE 


HARDINGE 


COMPANY, INCORPORATED 


YORE. PENNSYLVANIA ° 240 Arch St. ° Main Office and Works 
New York + Toronto + Chicago + Hibbing - Houston + Salt Lake City - San Francisco 
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ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


Industrial Organization and Manage- 
ment, by Ralph C. Davis, Harper 
and Brothers, 953 pp:, $8.25, 1957.— 
Intended for industrial executives as 
well as for students of management, 
this book emphasizes fundamental 
objectives, policies, and methods of 
approach to the solution of business 
problems. The numerous examples 
of management practice have been 
taken from a variety of manufactur- 
ing companies. @ 


United States Government Organi- 
zation Manual, published by the 
Office of Information, General Serv- 
ices Administration, Supt. of Docu- 
ments, Government Printing Office, 
Washington 25, D. C., 778 pp., $1.50, 
1957.—The manual lists 4100 key offi- 
cials of the Federal Government. 
The publication also contains some 
40 charts showing the organization 
of Congress, the executive depart- 
ments, and the large independent 
agencies. 


Techniques of Plant Maintenance 
and Engineering—1957, published by 
Clapp and Poliak Inc., 341 Madison 
Ave., New York 17, N. Y., 273 pp., 
$10.00, 1957.—The book covers the 
maintenance problems of metal- 
working plants, chemical plants, 
steel mills, metal fabricating plants, 
foundries, and many more such in- 
dustries. Also included are 46 
charts, diagrams, tables, and other 
illustrations. 


Symposium on pH Measurement, 
published by the American Society 
for Testing Materials, 1916 Race St., 
Philadelphia 3, Pa., 104 pp. $2.50, 


1957.—The symposium is of value not 
only to the theorist, analytical, and 
physical chemist, but also to the 
practicing process and control engi- 
neer. Covering such developments 
as nonaqueous solutions and refined 
methods of instrumentation, the 
symposium considers not only the 
advances in themselves but also the 
problems created by these develop- 
ments. The volume is well illustrat- 
ed and contains several extensive 
bibliographies. ¢ 


Engineering Economics and Ethics 
for Professional Engineers’ License, 
John D. Constance, published by 
John D. Constance, 625 Hudson Ter- 
race, Cliffside Park, N. J., $2.50, 1957. 
—The subject matter covers bond 
issues, bond valuation, debt amorti- 
zation, property valuation, cost 
analysis, etc. 


Selected Studies of Colorado Peg- 
matites and Sillimanite Deposits by 
E. William Heinrich and James E. 
Bever, Quarterly of the Colorado 
School of Mines, Vol. 52, No. 4, Gold- 
en, Colo., $1.50, 53 pp., 1957.—The 
book, complete with photographs, 
tables, and geological maps, covers 
—in three parts—the pegmatite 
provinces, radicactive mineral de- 
posits, and the occurrences of silli- 
manite-group minerals in the state. 
Bibliographies are included at the 
end of each section. 


Recent Developments in Uranium 
Milling Technology, Uranium Insti- 
tute of America, Uranium Center 
Bldg., Grand Junction, Colo., $5.00, 
105 pp., 1957.—This volume contains 
in two parts, the transcript of the 
mill technology symposium and ad- 
dresses from the annual meeting of 
the UIA. Among the papers discussed 
are: A reconnaissance of uranium 
process technology, uranium concen- 
trate specifications, direct solvent 
leaching of uranium ores; thorium, 
uranium stockpiling, and nuclear 
fuels and utility industry prepares 
for the atom. Tables, photos, maps, 


and diagrams illustrate the vast 
amount of information covered in 
this work. 


Guides for Development of Irrigation 
Wells Near Clayton, Union County, 
New Mexico, Circular 46, by Brews- 
ter Baldwin and F. X. Bushman, 
State Bureau of Mines and Mineral 
Resources, Socorro, N. M., 50¢, 64 pp., 
1957.—A preliminary report on part 
of Union County, in northeast New 
Mexico, summarizing ground water 
conditions in Clayton and Seneca 
15-min quadrangles. The text em- 
phasizes the way well data can be 
used. The area of the report was 
chosen to include most of the areas 
of recent seismatic exploration by 
oil companies as the drillers’ logs 
of shctholes have supplied valuable 
information hither-to not available. 
Technical data for the book is pre- 
sented in figures and tables. 


Pottery Clay Resources of Illinois, 
Circular 233, by Edward C. Jonas, 
Illinois State Geological Survey, 
Urbana, IIL, 8 pp., 1957.-—This report 
is a guide based on the geology of 
Illinois for use in prospecting for 
new clay deposits. It describes speci- 
fic types of clays and gives their 
locations along with notes on their 
plasticity and firing properties. Sim- 
ple field tests for plasticity, drying 
characteristics, and carbonate con- 
tent that are adequate to determine 
the usefulness of a clay for making 
pottery are included. 


ASTM Standards on Coal and Coke, 
the American Society for Testing 
Materials, 1916 Race St., Philadel- 
phia, $2.50, 140 pp., 1957.—This re- 
cent edition is a convenient com- 
pilation of the numerious ASTM 
methods of testing, definitions, and 
specifications for coal and coke, and 
the standard specifications for the 
classification of coal according to 
rank and grade. A total of 21 meth- 
ods of test, 4 specifications, and 
3 definitions are listed in this new 
book. e 


In Montana, for 
AMERICAN CHROME 
COMPANY 


...@ 1,000 tons per day concentrator 
plant for chrome ore. 


Complete re-equipping and 


rehabilitation of plant by 


WESTERN KNAPP ENGINEERING CO. 


A DIVISION OF WESTERN MACHINERY COMPANY 
engineers-builders ... mineral, chemical, & process industries 
New York * Chicago + Hibbing + San Francisco 
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J. W. Woomer 
(Continued from page 1377) 


potash, copper, uranium, iron, oil, 
sands, and shales. 

An active member of the SME 
Coal Division, Mr. Woomer had been 
serving as Chairman-Elect, due to 
take office as Chairman of the Divi- 
sion in 1958. In addition to his AIME 
association, Mr. Woomer is a direc- 
tor of the Engineering Soc. of West- 
ern Pennsylvania and a member of 
Tau Beta Pi, honorary engineering 
society; Sigma Gamma Epsilon, min- 
ing society; and the Explorers Club 
of New York City. In Pittsburgh he 
is a member of the University Club 
and the Pittsburgh Athletic Assn. 


Belgian Coal Congress 


The Institut National de L’Indus- 
trie Charbonniere of Belgium will 
sponsor the Third International Coal 
Preparation Congress to be held in 
Liege, Belgium, during the week of 
June 23 to 28, 1958. 

The conference, functioning on 
traditional lines, will deal with the 
preparation of small coal less than 
%-in. During the week of the con- 
gress and the following week, visits 
will be arranged to the coalfields of 
Belgium and the neighboring coun- 
tries. Members will also have the op- 
portunity of visiting the universal 
and international exhibition at Brus- 
sels, the Pavilion of the High Au- 


involving confidential matters. 
November 18, 1957 


Resolution in Honor of 
GRACE TOWNSEND FERRY 


The following resolution to honor Grace Townsend Ferry was voted at the 
meeting of the AIME Board of Directors on Nov. 18, 1957: 


WHEREAS, The Board of Directors of the American Institute of Mining, 
Metallurgical, and Petroleum Engineers takes note that Grace 
Townsend Ferry will retire November thirtieth, Nineteen hundred 
fifty-seven, after thirty-seven years of devoted service. 

RESOLVED, that the Board of Directors commends Grace Townsend 
Ferry, for her loyal and faithful service as Chief File Clerk for the 
Institute during her entire period of employment; and that the Board of 
Directors appreciates particularly the unassuming and effective manner 
in which she carried out the duties of this vital position frequently 


GROVER J. HOLT, President Aime 


AIME Employe Honored 
By Board for 37 Years 


Service at Institute 


The AIME Board of Directors and 
the Institute staff took opportunity 
at the meeting of the Board on No- 
vember 18 to honor Grace Townsend 
Ferry—37 years with AIME. 

First employed under Bradley 
Stoughton, AIME Secretary from 


thority, and a Belgian exhibit spe- 
cializing in mechanical preparation 
plant. 


1913 to 1921, Mrs. Ferry’s mem- 
ories span the growth of the Institute 
from 8388 members to its present 
more than 31,000 members and stu- 
dents, and the attendant diversifica- 
tion of AIME to its present eight di- 
visions and three councils operating 
through three constituent societies. 

Mrs. Ferry who lives in Paw- 
ling, Dutchess County, N. Y., has 
commuted an average of an hour 
and a half each way to work for 
years, but she seems to thrive on it, 
and still finds time for her hobby, 
her garden—blooms from which 
often add a touch of color to the 
AIME office reception area. 


Over 


Half Century 


Experience in 
Exploration and Development 


NEW, 


SAFE and AUTOMATIC 


Diamond Core Drilling 
Rock Breaking Grouting 
Shaft Sinking 
Mining — Quarrying 
and Tunnel Driving 
Full details on request 


ras. 


DRILLING COMPANY 
South Main St. Dial HUnter 4-4401 


sels lake City, Utoh 


Telephone KE 4-0862 and WA 42614 
Telephone 443-W 
CRestwood 4-533! 
‘elephone 93R) and 91R4 
FAirview 9-0732. 
Telephone WEst 4-0673 
Contact Salt Lake City Office 


Mayo Mine Car Coupler 


. .. the coupler with the mating instinct 


Mayo’s new, cast steel coupler for narrow gauge mine 
cars couples instantly on tangent or curves. Safe, self- 
centering link completely eliminates all hazards of 
hand couplings. Only a little more expensive than 
link-and-pin, it more than pays for itself by pre- 
venting accidents. If you can save one smashed finger, 
you've got these couplers paid for. Easily installed by 
bolting to existing cars. Write for Bulletin No. 21. 


Muck Bins 

Shields-AirLocks 

TUNNEL & MINE Locomotives 
ine Cors 

EQUIPMENT Grouters 


LANCASTER, PA. 
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The St. Louis Section met on No- 
vember 8 at the Hotel York in St. 
Louis. Andrew Robertson, managing 
director, Eastern Smelting and Refin- 
ing Co., presented a talk on Economics 
and Practice at Chibougamou Min- 
ing District and Chicoutimi Smelter. 
The section’s nominating committee 
announced the following officers for 
1958; Chairman, G. Donald Emigh; 
Vice Chairman, Gill Montgomery; 
Secretary-treasurer, Gordon M. Bell; 
and assistant secretary-treasurer; 
Norman S. Geist. 


e A dinner-meeting of the Washing- 
ton, D. C. Section was held after 
cocktails at the Cosmos Club, Wash- 
ington, D. C., on October 1. The guest 
speaker was Adam K. Stricker Jr., 
president of Stricker and Henning 
Research Assoc., New York, who dis- 
cussed The Mineral Industries and 
Free Markets. In his talk, Mr. Strick- 
er analyzed the effect of Government 
policies, international agreements, 
and cartel arrangements on the in- 
dustrial utilization of mineral raw 
materials, drawing on his wealth of 
experience gained especially while 
employed in the Cadillac Motor Car 
Div., General Motors Corp. 


® Yavapai Subsection, Arizona Sec- 
tion continues its policy of holding 
monthly cocktail hour-dinner meet- 
ings. In August, two color films were 
shown by Fred Woods and Joe Tom- 
kinson of the Ingersoll Rand Co. At 
the Section’s September meeting, 
Medora Krieger, of the USGS talked 
on the garnet industry of New York 
State, and briefly discussed the past 
and future projects of USGS for the 
Prescott area. Dr. Krieger was also 
guest of honor at the August meeting 
in recognition of her eight years of 
service, help, and courtesy to the in- 
dustry while serving with the recent- 
ly closed Prescott office of the Geo- 
logical Survey. The October meeting 
featured the annual Ladies Night 
dinner dance which was held at the 
Pine Cone Inn near Prescott and 
drew a large turn out. 


® The San Francisco Section met for 
cocktails and dinner at the Engineer’s 
Club in San Francisco on October 9. 
The speaker of the evening was Wal- 
ter T. Selsted, director of research, 
Ampex Corp., who spoke on Techni- 
cal and Economic Aspects of Video 
Tape Recording Mr. Selsted high- 
lighted his discussion with a stereo- 
phonic demostration on a system de- 
signed for the home. The meeting 
also featured a special table set up 
as an information center for prospec- 
tive members. 


e The Southeast Section held a two 
day session at the Andrew Johnson 
Hotel, Knoxville, Tenn., on Septem- 
ber 27, featuring a survey of the 
mining program at Sunbright, Va., 
where high grade magnesium lime- 
stone is produced for use by the AEC. 
A. J. McDonnell, plant manager of 
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Shown participating during the late summer in the presentation of a check by the 
Colorado Plateau Section to the Grand Junction City Library, Grand Junction, Colo., for 
technical books and magazines are, left to right: Mrs. Louise Floyd, librarian; T. S. Ary, 
treasurer of the Colorado Plateau Section; and Frank Woodward and Abbott Charles, 
members of the library committee. 


Foote Mineral Co. at Sunbright, gave 
a discussion on the project. Fred W. 
Drosten, section head of titanium 
sponge development of Cramet Corp., 
Chattanooga, presented a talk on 
Titanium Production. Some Heavy 
Mineral Exploration Techniques was 
the subject of John F. Lord, chief 
placer engineer for American Smelt- 
ing & Refining Co., which has an of- 
fice in Knoxville. Mr. Lord told of 
explorations at sea off the Florida 
coast. K. B. Brown of Oak Ridge Na- 
tional Laboratory discussed Solvent 
Extraction Processes in the Hydro- 
metallurgical Treatment of Ores. A 
field trip through the Young Mine at 
Mascot and the Oak Ridge Laboratory 
topped off the second day’s session. 


e The annual stag of the Montana 
mineral industry’s social season high- 
lighted the joint meeting of the Mon- 
tana Section and the Last Chance 
Gulch Mining Assn. at the Montana 
Club Rathskellar, Helena, Mont., on 
October 26. The after-dinner speak- 
er at the banquet was Charles Noon, 
superintendent of mines, Montana 
Phosphate Products of Garrison, 
who outlined the general methods 
of his company and supplemented 
his talk with a film presentation. 


e Field trips keynoted the day at the 
fall meeting of the Central New 
Mexico Section on October 19, at 
Grants, N. M., beginning with a 
guided tour through The Anaconda 


Co.’s uranium mill at Bluewater, 
which terminated with refresh- 
ments. Guides then took small 
groups through the Homestake-New 
Mexico Partners and Homestake- 
Sapin uranium mills now under con- 
struction. Box lunches were enjoyed 
at noon, with beverages furnished 
by the Ambrosia Supply Co. Later, 
the party was taken to a number of 
mining operations now underway 
in the Ambrosia Lake area. Brief 
orientation talks were given at the 
sites by personnel of Calumet & 
Hecla, Keer-McGee, Rio de Oro, and 
Homestake Mining Cos. A cocktail 
party given by Goodman Supply Co. 
and Republic Supply Co. followed 
by a banquet held in the Franciscan 
dining room, marked the evening’s 
events. Approximately 35 attended 
the meeting. 


e The fall meeting of the Pennsyl- 
vania Anthracite Section was held on 
November 8, at Kingston House, 
Kingston, Pa. Following dinner, a 
technical meeting was held. The 
principal speaker was Toby Eichler, 
of the Lehigh Valley Coal Co., who 
discussed Revision of the Dorrance 
Breaker to Heavy Media. Members 
asked questions and participated in 
the discussion from the floor after 
the paper had been read. 


e The first fall meeting of the Colo- 
rado Section was held at the Univer- 


~ 


sity Club, Denver. After a social 
and dinner, the events included the 
presentation of a special AIME pin 
to Paul Goddard for securing five 
new members. The guest speaker 
was Joseph L. Gillson, AIME Vice 
President and chief geologist for the 
E. I. du Pont de Nemours and Co. 
He gave a discussion on Titanium 
Minerals Exploration which in- 


cluded slides of black sand recovery 


operations in India and Florida. 


A dinner-meeting was held by | 


the section on October 17, at the 


University Club, Denver. The fea- | 
tured speaker was Charles L. Bra- | 


gaw, assistant to the director, Boul- 


der Laboratory, National Bureau of | 


Standards. He spoke on the Inter- 
national Geophysical Year program 
and illustrated his talk with slides 
and recorded Sputnik radio signals. 


A booklet describing 14 new 16-mm 
color-sound motion pictures is now 
available free from the Colorado 
Fuel and Iron Corp., P.O. Box 1920, 
Denver 2, Colo. The films listed are 


offered on a free loan basis to | 


schools, libraries, television stations, 
and civic and business organizations. 
Four of the motion pictures belong 
te the “Indian Paint” series that 
describe the first discovery of iron 
ore by the American Indian who 
used the powdered ore for face 
paint. The scene then shifts to mod- 
ern steelmaking operations, with 
dramatic photos of blast furnaces 
and open hearths. Each of these 
four films depict the production of a 
single major steel product: rails, 
wire rope, grader blades, and chain 
link fence. Other motion pictures 
included in the catalog are: Rein- 
forced for Life, 20 min—the story 
of concrete and how it can be made 
infinitely stronger when reinforced 
with welded wire fabric; Know Your 
Ropes, 30 min—a technical film on 
the manufacture, construction, and 
application of industrial wire rope; 
Changing the Face of the Earth, 
20 min—the manufacture ef grader 
blades from basic steel to finished 
product; spectacular scenes of earth- 
moving equipment in action; Farmer 
Brown—Steel Worker, 30 min—a re- 
view of the many steel products now 
used on the modern farm and ranch; 
Steel’s Party, 38 min—a complete 
survey of the use of steel on the 
farm; Quality Unlimited, 30 min— 
how wire rope is manufactured and 
inspected; Another Step Forward, 
20 min—a technical description of 
“Lectro-Clad” nickel plating on steel 
for corrosion resistance and other 
applications; Navajo Number One, 
the production of seamless oil well 
casing and tubing and its installa- 


tion at an actual well; How To Get | 


Ahead, 15 min—the manufacture of 
high-pressure heads for industrial 


tanks; and Make Mine Scfety, 20 | 


min—how mine rock bolts are man- 


ufactured and their application in 


three western mines. 


WORLD’ Ss LONGEST 
‘UNDERGROUND 
CONVEYOR SYSTEM 


This rotary plow feeder is part of a 45-unit, 74 mile Hewitt-Robins 
belt conveyor system located 1000 feet underground in Carlsbad, 
N. M. The system is designed to carry up to 550 tons of potash ore 
per hour from mining areas to a storage pit. Here the H-R rotary 
plow feeder scoops ore onto another conveyor for its trip to the 
refinery skip hoist. 

As in hundreds of other industrial installations, this Hewitt- 
Robins belt conveyor system effects a material saving in handling 
costs. To find out how H-R products and services can help you, 
consult your classified telephone directory for the nearest H-R 
representative, or contact Hewitt-Robins, Stamford, Connecticut. 


CONVEYOR BELTING AND IDLERS...POWER TRANSMISSION DRIVES 
INDUSTRIAL HOSE.. .VIBRATING CONVEYORS, SCREENS & SHAKEOUTS 
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Spectrographers 
(Continued from page 1389) 


tions, write Professor Wm. T. Tiffin, 
College of Engineering, University 
of Florida, Gainesville, Fla. 


Personnel 
(Continued from page 1292) 


areas. Knowledge of use and appli- 
cation of instrumentation and test 
devices. Work involves general area 
investigation for mineral-bearing 
formations. Salary, $8400 per year 
plus $300 living expenses for married 
man. Location, California. $3119-R. 


Mine Superintendent, about 45, for 
underground operations located in 
West. Must have good supervisory 
experience and be graduate mining 


engineer. Salary commensurate with 
ability. $3173. 


Placer Consultant, heavy experi- 
ence and solid background, prefera- 
bly with tin, to guide placer explora- 
tion program and take complete 
charge of startup operation. Salary, 
$1500 per month minimum. Location, 
South America. F5524-S. 


General Manager, graduate engi- 
neer, with underground mine super- 
vision, milling and salt refining ex- 
perience, to take complete charge of 
salt property. Salary, $10,000 a year 
plus car, housing, and bonus. Loca- 
tion, Caribbean area. F5505. 


Sales Engineer, young, with engi- 
neering training and some mining 
experience, for sales and service 
work covering rock drills. Salary, 


Exploration @ Production 


Student Prize Paper Contest 
(Undergraduate and Graduate Divisions) 
Entry Deadline Date—Sept. 1, 1958 


Topics: Mining, Metallurgy, and Petroleum 


e@ Engineering @ Research 
Limited to AIME Junior Members and Student Members 


Contact your Student Chapter, Chapter Counselor, 


Section in your area, or Prof. John Butler, 


University of Nevada, Reno, Nevada. 
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$6000 a year plus bonus. Location, 


~ New York. W5417. 


Junior Mining Engineer for sur- 
vey and plan work. Must be good 
computer. Salary, open. Location, 
Florida. W5309(a). 


Mine Superintendent, mining en- 
gineering graduate, with about ten 
years experience in Latin America. 
Salary, $10,000 a year plus bonus and 
housing. Location, South America. 
F4603. 


Mineral Dressing Engineer, B.S. 
in mineral dressing, M.S. preferred, 
with two to five years experience in 
field. Will perform economic analy- 
ses of ore beneficiation processes. Ex- 
cellent opportunity for growth into 
key position. Salary, to $9000 a year. 
Location, Pennsylvania. W5295(a). 


Assistant Mill Superintendent, 
with experience in cyanidation and 
lead flotation plants for 500-tpd gold 
mill. Base salary, $6000 a year; so- 
cial benefits provided by local law 
bringing salary up to approximately 
$7260 a year. Furnished house pro- 
vided free of charge. Location, 
South America. F5163. 


Geophysicist-Geologist, to 35, 
bachelor’s degree in geology or phy- 
sics, with minimum of five years 
practical experience as qualified geo- 
physicist. Should be capable of plan- 
ning and conducting preliminary 
preparations for geophysical work on 
various projects; evaiuate reliability 
of results and make geological inter- 
pretations of seismic data, coordinate 
and evaluate gravimeter and mag- 
netometer work in relation to reflec- 
tion seismic work. Salary, to $11,136 
a year. Single status preferred; one 
year family separation if married. 
Location, Far East. F5157. 


Civil Service Exams 

Candidates for engineering posi- 
tions with the Federal Government 
are invited by the U. S. Civil Ser- 
vice Commission to file for positions. 
The announcement No. 112B was is- 
sued July 30, 1957, and there is no 
closing date. 

Candidates must hold a B. S. de- 
gree from an accredited college or 
university with a suitable curricu- 
lum in engineering or closely related 
fields or have the equivalent techni- 
cal engineering experience or com- 
bination of experience and educa- 
tion. In addition, certain levels of 
engineering positions have certain 
professional engineering experience 
requirements. Candidates must be a 
U. S. citizen or owe allegiance to the 
U. S. and must be able physically to 
perform the duties of a given posi- 
tion. Students who will complete 
their senior year or graduate course 
nine months dating from July 30 are 
eligible to apply. Further informa- 
tion and announcement No. 112B 
may be obtained from the Execu- 
tive Secretary, Board of U. S. Civil 
Service Examiners, Washington 25, 
C. 


ME 
| 


PERSONALS 


B. J. Kochanowsky, Mining Dept., 
The Pennsylvania State University, 
spent last summer in Germany, con- 
tinuing his research in blasting. 
Large-scale blasting is used in the 
experimental research, since 1954, 
sponsored by Rheinische Kalkstein- 
werke Co., Wulfrath, Germany. A 
new bore-hole pattern devised by 
Dr. Kockanowsky was adopted in 
1956 at one of the quarries operated 
at the German concern. 


J. A. C. Ross, mining engineer, has 
resigned the position of general 
manager of the Granby Consolidated 
Ltd. after the closing of the Copper 
Mountain Mine. He intends to take 
up permanent residence in Van- 
couver, B. C. 


Eugene Risch has been working as a 
mining engineer for the Hidden 
Splendor Mining Co., Utah, since 
his release from the U. S. Army. 


Royce A. Hardy, Jr., was recently 
named as Assistant Secretary of the 
Interior for Mineral Resources. Mr. 
Hardy had been general manager of 
Manganese Inc. in Henderson, Nev., 
since February 1956. In his new post, 
he will supervise the Bureau of 
Mines, the U. S. Geological survey, 
the Defense Minerals Exploration 
Administration, the Office of Min- 
eral Mobilization, and the Div. of 
Geography of the Interior Dept. 


Dale L. Pinkerton has just completed 
training in sales engineering at the 
Ingersoll Rand Co. and is now as- 
signed to the New York Rock Drill 
Dept. of the company. 


Bruce B. Goddard has recently com- 
pleted service in the U. S. Army and 
is now employed in his former posi- 
tion with the mining engineering 
department of The Anaconda Co., 
Butte, Mont., as assistant engineer. 


R. L. Mullen, formerly special rep- 
resentative for the explosives divi- 
sion of the Olin Mathieson Chemical 
Corp., Salt Lake City, is now asso- 
ciated with the Utah Construction 
Corp., San Francisco, as an explo- 
sives engineer. 


H. W. Straiey, Ill, of the geological 
and geophysical engineering firm of 
H. W. Straley, Princeton, W. Va., an- 
nounced that the firm, formerly 
Johnson & Straley, has purchased 
the business and equipment of RE- 
SEARCH, of Beckley, W. Va. 


Paul L. Cloke is now a research fel- 
low in the department of geology 
of Harvard University, Cambridge, 
Mass. He was previously with The 
Anaconda Co. as a research geolo- 
gist. He has started a research pro- 
gram to try to solve the problem of 
sulfide ore transport. 


lower YOUR COST 
per foot drilled 


“ORIENTED” DIAMOND CORING BIT 
Available in four different matrices and three 

of correctly-sized diamonds. 
EX, AX, BX and NX sizes carried in stock. 
Lorger sizes and special designs furnished to 
meet any specificati or requi 


The one sure way you can do this 
is to specify or order Sprague & 
Henwood “Oriented” Diamond 
Bits. “Oriented” to give you bet- 
ter performance; and “Oriented” 
for minimum diamond loss. 
Thousands have been used in 
Sprague & Henwood’s contract 
diamond drilling department, 
and thousands more have been 
supplied to its many customers. 
Completed contracts have pro- 
inom lower costs and customers’ 
re-order. Write for new Catalog 
No. 320-1 which gives the com- 
plete “Oriented” story, and illus- 
trates and describes Sprague & 
Henwood’s Diamond Bit Line. 


SCRANTON 2, PA. 


BRANCH OFFICES: NEW YORK © PHILADELPHIA © PITTSBURGH @ ATLANTA 
GRAND JUNCTION, COLORADO @ BUCHANS, NEWFOUNDLAND 
EXPORT REP.: PHILIPS EXPORT CO., 100 EAST 42ND ST., N.Y. 17, N.Y. CABLE ADDRESS: PHILYORK 


SPRAGUE & HENWOOD, Inc. il 


"M" SERIES “ORIENTED” 
DIAMOND CORING BIT 
For use with "M" SERIES Core Berrel, when 
good cores must be secured from soft or fri- 
able strata. Available in all four types of 
matrix and three different grades of dic- 


monds. Also in a of impreg- 
nated sizes. EX, AX, BX and NX sizes carried 
in stock, 


“ORIENTED” DIAMOND “TAPER” 
TYPE NON-CORING BIT 
The fastest cutting bit for drilling blast holes 
in very hard ati al dord sizes. 


Send in your bits that need reset- 
ting, giving full details of results 
obtained and conditions under 
which the bits were used. 
Prompt, accurate and dependable 
service assures you that they will 
be returned new and with the 
diamonds “Oriented”. Generally, 
reset bits are on their way bac! 
to the customer within three 
working days. In many cases, 
suggestions for improvements in 
bit performance can be made 
after inspection of your bits, 
provided full details covering 
their use have been received. 
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E. C. MEAGHER 


H. R. Cooke, Jr., is now a consulting 
mining geologist in Reno, Nev. He 
was previously senior exploration 
geologist for Martin Sykes & Assoc. 
in South America. 


F. E. Patton, formerly general man- 
ager, Beattie-Duquesne Mines Ltd, 
Ont., Canada, is row serving as a 
consulting engineer for the company. 


Robert H. Isenberg has been pro- 
moted to plant metallurgist at Pitts- 
burgh Steel Co’s. Monessen Works. 
Prior to his advancement, he was in 
charge of metallurgy in the finish- 
ing departments at Monessen. 


Roy H. Allen, who was recently en- 
gaged in engineering and construc- 
tion in the United States and Latin 
America, has now retired in Ban- 
ning, Calif. For several years he had 
been manager of mines in the U. S. 
and Mexico. 


W. R. McDaniel has terminated his 
association the U. S. Gypsum Co. in 
Ft. Dodge, Iowa, as mill superin- 
tendent and is now working as sales 
representative for the Union Supply 
Co. in Denver. 


Severn P. Brown, formerly geologist 
for the St. Joseph Lead Co., Balmat, 
N. Y., has uma St. Lawrence Uni- 


versity, Canton, N. Y., as assistant 
professor of geology. 


Elected vice presidents of Texas 
Gulf Sulphur Co. at the October 
board of directors meeting were 
C. F. Fogarty, E. C. Meagher, and 
E. F. VanderStucken, Jr. Dr. Fogarty, 
head of the geological department, 
joined Texas Gulf in 1952 and is 
located in Houston. Mr. Meagher, 
treasurer, joined the company in 1921 
at the start of his business career. 
Mr. VanderStucken, secretary, joined 
Texas Gulf in 1925. Prior to that 
time, he had his own law practice. 
Both Messrs. Meagher and Vander- 
Stucken are located at the New York 
office. 


C. F. FOGARTY 


D. M. Doyle is now employed by 
Geco Mines of Manitouwadge, Ont., 
Canada. He was previously a student 
at the Michigan College of Mining 
and Technology. 


Arnold A. Catalano has recently 
been on a leave of absence from 
the Grumman Aircraft Engineering 
Corp., Bethpage, N. Y., to enter the 
U. S. Army for six months under 
the critical skills program at the 
chemical warfare laboratories of the 
U. S. Army Chemical Center in 
Edgewood, Md. 


E. F. VANDERSTUCKEN, JR. 


A. J. Dickinson has become vice 
president and sales manager for the 
Freeport Sulphur Co., New York. 
He was vice president of Virginia- 
Carolina Chemical Corp. 


Wendell W. Fertig is now serving as 
executive vice president of Western 
Nuclear Corp., Rawlins, Wyo. He 
had been chief of the minerals divi- 
sion of Ball Assoc., consulting en- 
gineers. 


John P. Skinner, formerly mine 
chief at the New Jersey Zinc Co., 
Gilman, Colo., is now mine chief for 
the company’s Flat Gap Mine, Tread- 
way, Tenn. 


Vance Price is now working as gen- 
eral superintendent, Eastern Coal 
Corp., Stone, Ky. He had been asso- 
ciated with Pocahontas Fuel Co. and 
Peerless Coal and Coke Co. 


Ernst H. Ahrens, Jr., previously as- 
sistant mines geologist for The Ana- 
conda Co., Butte, Mont., is now field 
geologist in charge of the office of 
the company in Noranda, Que. 


Randall H. Taylor is now mine su- 
perintendent for Duval Sulphur & 
Potash Co., N. M. He was formerly 
assistant chief engineer at the Cli- 
max Molybdenum Co., Climax, Colo. 


At Pacific Grove, California, for 


DEL MONTE 
PROPERTIES 


..@ glass sand plant utilizing 
flotation process. 


Flowsheet design and 
construction by 


WESTERN KNAPP ENGINEERING CO. 


A DIVISION OF WESTERN MACHINERY COMPANY 
engineers-builders ... mineral, chemical, & process industries 
New York + Chicago + Hibbing * San Francisco 
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\ 
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Grover J. Holt, general manager, 
Cleveland-Cliffs Iron Co., Ishpem- 
ing, Mich., became assistant to the 
president on November 1. Mr. Holt 
is President of AIME. 


F. N. Earll is now assistant profes- 
sor of geology at the Montana School 
of Mines, Butte, Mont. He recently 
served as geologist for the Western 
Consulting Service, Salt Lake City. 


G. W. Walkey, formerly general 
mine superintendent at the Heath 
Steel Mines Ltd., Newcastle, New 
Brunswick, is now mine superin- 
tendent for Stanleigh Uranium Min- 
ing Corp. Ltd., Elliot Lake, Ont., 
Canada. 


Erwin Rose is now taking a special 
course on photogeology at the Inter- 
national Training Center for Aerial 
Survey, Holland. He previously 
worked as a mining exploration 
geologist in Peru and Venezuela. 


George Horak has accepted the posi- 
tion of associate professor of metal- 
lurgy at Texas Western College, 
El] Paso, Texas. He recently was as- 
sistant professor of metallurgy at 
Lafayette College, Easton, Pa. 


Pierre C. Delaitre has terminated his 
position as mining consultant for 
the Ministerio de Minas, Venezuela, 
and is presently employed as a U.N. 
Mineral Resources Expert for the 
U.N. Technical Assistance Adminis- 
tration, New York. He next expects 
to go to Jordan for the U.N. 


A. J. Haley has been appointed di- 
rector, mineral research & devei- 
opment department of the Great 
Northern Railway Co., with head- 
quarters at Seattle and St. Paul. His 
former position, that of chief ge- 
ologist, department of mineral de- 
velopment, was recently abolished. 


Bruce E. Allgaier is now employed 
as senior construction liaison engi- 
neer for the Boeing Airplane Co., 
Seattle. He was previously man- 
ager-secretary at the Idaho Mining 
Co., Kellogg, Idaho. 


Ralph M. Perhac, formerly geologist 
for the American Overseas Petro- 


leum Ltd., New York, is now a 
teaching fellow and graduate stu- 
dent in the department of geology 
of the University of Michigan, Ann 
Arbor, Mich., where he is currently 
working for a Ph.D. in geology. 


Charles W. Berry is now studying 
for a masters degree at the Uni- 
versity of Minnesota under the U. S. 
Bureau of Mines fellowship. He was 
recently employed by the Reserve 
Mining Co., Babbitt, Minn., as a 
mining engineer. 


Moshe Sheinkin is now a graduate 
assistant at the College of Mineral 
Industries, Pennsylvania State Uni- 


versity, University Park, Pa. He 
graduated from the Montana School 
of Mines, Butte, Mont. 


Richard R. Kennedy, formerly a 
helper with the American Smelting 
& Refining Co., Tuscon, Ariz., is now 
working part time as a geologist for 
the Golden Cycle Mining Co., Marys- 
vale, Utah, and is also teaching phy- 
sical sciences at Carbon College, 
Price, Utah. 


Robert F. May, previously valuation 
engineer, mining, for the Bureau of 
Land Management, Spokane, is now 
employed as a valuation engineer, 
mining, at the Bureau’s Washington, 
D. C., office. 


GETTING 


MAGIC METAL 
DRILLED OUT | 


THis 


Switch to 
ROK-BITS 


...the low cost way with Brunner & Lay Rok-Bits 


Drilling through lithium bearing spodumen, 
producers find the most economical bit for 
the job is Brunner & Lay carbide Rok-Bits. 


This is because Rok-Bits . . . 


@ drill ROUND, easy-to-load blast holes, 
@ discharge more and larger chips thru 


wider chip channels, 
@ offer deep ted, 
that stay put. 


g carbides 


They give increased drilling speed, greater 
footage life, fewer bit changes and lower cost 
per foot of hole drilled, which all adds up to 
lowest cost per ton output. Put their cost- 
cutting features to work for you. Call our 
nearest plant. Request NEW catalog #756. 
Brunner & Lay, Inc., 9300 King St., Franklin 
Park, Il). Plants & warehouses: Philadelphia, 
Asheville, Birmingham, Dallas, Denver, Los 
Angeles, Portland, Ore., Montreal. 


Brunner & Lay carbide Rok- 
Bits in these body types— 
cross, chisel, “X", cutaway, 
taper socket. Furnished in 
standard wagon drill and 
hand held drill threads— 
600, 400, 200 and J-7.50 
threads. Bit sizes up to 
6%” in our Hole-Master 


Brunner & Lay Products 


CARBIDE ROK-BITS + INTRA-SET STEEL + DRILL RODS + COUPLINGS, ADAPTERS & EXTENSION STEEL 
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Paul L. Allsman has joined the Utah 
Construction Co. at San Francisco 
as a mining engineer. He formerly 
served as drilling and sampling fore- 
man for the United City Park Mines 
Co., Park City, Utah. 


G. F. Gillett is now associated with 
Gaspe Copper Mines Ltd, Murdoch- 
ville, Que., Canada. He recently was 
a student at the Royal School of 
Mines, London, England. 


J. A. Lind has joined the Falcon- 
bridge Nickel Mines Ltd., Ont. Can- 
ada, as a design engineer since re- 
ceiving his B.A.Sc. degree in mining 
engineering from the University of 
British Columbia, Vancouver, B. C., 
Canada. 


Charles G. Preble, previously assist- 
ant mining engineer for the Ameri- 
can Smelting and Refining Co., Sil- 
ver Bell, Ariz., is now serving as a 
2nd Lieutenant in the U. S. Air 
Force and is at Pennsylvania State 
University, University Park, Pa., 
where he is studying meteorology. 


Robert =. Smith, formerly assistant 
division cnief, Ohio Div. of Water in 
the Dept. of Natural Resources, has 
now joined the staff of Battelle Me- 
morial Institute, Columbus, Ohio, 
where he will be in charge of water 
resources research conducted at the 
Institute’s department of economics. 


P. A. O'LEARY 


Paul C. O’Leary has been appointed 
chief engineer of Shaft & Develop- 
ment Machines Inc. and Machinery 
Center inc., both of Salt Lake City. 
He previously was assistant to the 
engineer in charge of the rock drill- 
ing engineering department, Inger- 
soll-Rand Co., Phillipsburg, N. J. 


Frank G. Hensel has been promoted 
to administrative manager of the 
Robins Engineers Div. of Hewitt- 
Robins Inc., Stamford, Conn. 


E. F. Murphy Jr., has been appointed 
to the position of assistant sales man- 
ager of Anaconda Sales Co. He is in 
charge of aluminum sales, a newly 
created post. 


William C. Shahan, formerly with 
the Cerro de Pasco Corp., Moroco- 
cha, Peru, is now working for the 
U. S. Gypsum Co., Heath, Mont., as 
a board engineer. 


J. L. Watson has left London, Eng- 
land, and is now employed as a tech- 
nical mining consultant for the Ash- 
anti Goldfields Corp. Ltd, Obuasi, 
Ghana. 


Edward I. Williams, president of 
Riverton Lime & Stone Co., River- 
ton, Va., has recently retired and is 
now residing on his yacht Irene in 
Colonial Beach, Va. 


Edward J. Hammer, previously sen- 
ior engineer for the Bradley Mining 
Co., Ima Mine, Patterson, Idaho, is 
now employed by the United States 
Gypsum Co., New York. 


M. Aubert is now associated with 
the Cambian Minerals Ltd., Gambia, 
British West Africa, as senior mill 
engineer. 


William W. Coleman has retired as 
chairman of the board, Bucyrus-Erie 
Co., S. Milwaukee, Wis. 


Cedric E. Gregory is now acting pro- 
fessor of mining and metallurgical 
engineering at the University of 
Queensland, Brisbane, Australia, dur- 
ing the absence abroad of F. T. M. 
White. 


BIN-FLO 


KEEPS BULK MATERIALS 


or bridge in storage. 


cost; nO maintenance cost. 


n successful use for over 20 years. R 


or vacuum, and 
proof units, U.L. listed. 


Write for detailed literature 
THE BIN-DICATOR CO, 
13946-G2 Kercheval Detroit 15, Mich. VAllley 2-6952 
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USES SMALL VOLUME 
OF AIR AT LOW 
PRESSURE 


BIN-FLO units in bins, chutes, hoppers, etc., restore flow char- 
acteristics to dry, | ground materials which tend to pack 

ypes for all materials and conditions. 
No moving parts; simple installation; negligible operating 


ATOR the original diaphragm-type bin level indicator. 
OTO-BIN-DIC 


motor-driven paddle type; excellent on bins under pressure 
for general application. Also explosion- 


WE SELL DIRECT + PHONE ORDERS COLLECT | 


MOVING 


ATOR new, 


The Engineering 
Societies Library 


Over 170,000 volumes covering all branches of 
engineering in addition to some 1,400 i 
from all parts of the world are available in the 
Engineering Societies Library. Bound books may 
be borrowed by mail by any member of a 
Founder Society in the continental United States 
or Canada at prices established in the information 
pamphlet which is available from the library. 
Also included in the library’s services are searches, 
translations, and photoprints and microfilm at a 
nominal cost. 


THE ENGINEERING SOCIETIES LIBRARY 
33 West 39th Street, New York 18, N. Y. 
Mr. Ralph H. Phelps, Director 


information pamphlet, on services avail- 


2 
3 
| 
Please send me 
ot able, and their costs. 


Robert W. Osterstock, previously 
with the American Metals Co. as a 
exploration geologist, and Edward 
H. Eakland, formerly with the ex- 
ploration department of The Ana- 
conda Co., have now organized a 
partnership in Salt Lake City to do 
consulting geological work in the 
field of metallic and nonmetallic 
deposits. 


R. W. OSTERSTOCK 


Paul J. Mills, previously division 
foreman at the Eagle Mine of The 
New Jersey Zinc Co., Gilman, Colo., 
is now mine foreman for the same 
company at their Treadway, Tenn., 
mine. 


John A. Moritz, formerly mining en- 
gineer with M. A. Hanna Co., Iron 
River, Mich., has joined the Alumi- 
num Co. of America, Rosiclare, IL, 
as assistant plant engineer. He had 
been in the U. S. Army and a stu- 
dent at Case Institute, Cleveland. 


Wayne H. Tuttle is now working for 
the Erie Mining Co., Hoyt Lakes, 
Minn., as a junior metallurgist. He 
previously served as metallurgist 
for the American Smelting & Refin- 
ing Co., Deming Milling Unit, Dem- 
ing, N. M. 


Blanford C. Burgess is now recuper- 
ating at home in Montecello, Ga., 
from an illness contracted while he 
was employed as a ceramic mate- 
rials specialist for the U. S. Opera- 
tions, ICA, Manila, P. I. He will re- 
sume practice as consulting engi- 
neer in January 1958. 


Michael Bikerman, previously an 
instructor at Ft. Lewis A & M Jun- 
ior College, Colo., is now assayer- 
junior geologist for Holly Minerals 
Corp., Cinnabar Mine, Yellow Pine, 
Idaho. 


Kenneth B. Platt, formerly techni- 
cal supervisor for E. I. du Pont de 
Nemours & Co., Starke, Fla., is now 
technical supervisor for the com- 
pany’s plant in Wilmington, Del. 


James N. Gregory has been named 
vice president and general manager 
of the Petro-Mechanics Research 


Div. of Borg-Warner Corp., N. Hol- 
lywood, Calif. He succeeds Andrew 
W. Rose who resigned to become 
vice president and assistant to the 
president of the Byron Jackson Div. 
of Borg-Warner. 


P. N. Thomas, previously metallur- 
gist with the National Lead Co. Inc., 
Grand Junction, Colo., is now chief 
metallurgist for the Western Nu- 
clear Corp., Home on the Range, 
Wyo. 


Conrad W. Pilz, formerly junior met- 
allurgist for the American Smelting 
& Refining Co., Silver Bell, Ariz., 
has joined Buchans Mining Co. Ltd., 
a subsidiary of Asarco, in Buchans, 
Newfoundland, as a metallurgist. 


5’ x 12’, Type F-600 
TY-ROCK SCREEN 
with Tubular Base. 


TYLER VIBRATING SCREENS 
AND 
TYLER WOVEN WIRE SCREENS 


There is a Tyler Vibrating Screen for every sizing and 
dewatering job. Tyler Screens are noted for the huge tonnages 
handled with top efficiency and low cost per ton. 


Ty'er Woven Wire Screens are made in all meshes and 
metals in over 10,000 different specifications. Ton-Cap and 
Ty-Rod Screens with the long-sict openings provide the 
greatest capacity for a given discharge crea. 


THE W. S. TYLER COMPANY. 
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R. A. WARREN 


R. A. Warren is now manufacturers’ 
representative in mining equipment 
for his own company, R. A. Warren 
Co., Sudbury, Ont., Canada. He was 
previously Minnesota representative 
for the W. B. Thompson Co., Iron 
Mountain, Mich. 


Benjamin F. Mahoney has been pro- 
moted to manager of the employe 
and public relations divisions at 
The Bunker Hill Co., Kellogg, Ida- 
ho. 


Peter Beaumont has joined Camp 
Bird Ltd., Ouray, Colo., as a mining 
engineer. He formerly worked as 
shift boss for the Frontino Gold 
Mines Ltd., Columbia. 


ASSAY 
CHEMICAL 
METALLURGICAL 
LABORATORIES 


SPECTROGRAPHIC 
ANALYSIS 


Supervision of Sampling at 
Smelter and Shipping Points 
Control & Umpire Assays 
Worldwide Representation 


Inspection and Tests 
of 
Structures and Materials 


ABBOT A. HANKS, INC. 
Established 1866 
624 Sacramento Street 
San Francisco, California 
GArfield 1-1697 


Brochure mailed on request 


| 
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Harold W. Sheeran, previously in- 
dependent mine operator of Chero- 
kee, Chubb & Kansouri Mines, 
Picher, Okla., is now employed as 
technical representative for the At- 
las Powder Co., Joplin, Mo. 


Walter A. Hamilton is now associ- 
ated with Columbia-Geneva Steel 
Div. of U. S. Steel Corp., Palo Alto, 
Calif., as beneficiation engineer. He 
formerly was mill superintendent 
for Pima Mining Co., Tucson, Ariz. 


Raymond C. Barkley is now em- 
ployed as a geologist in the uranium 
exploration division of Kerr-McGee 
Oil Industries Inc., Albuquerque, 
N. M. He was previously a geologist 
with the U. S. Atomic Energy Com- 
mission at Hot Springs, S. D. 


R. Lee-Aston is now a faculty mem- 
ber of the University of Chatta- 
nooga, Evening College, Chattanooga, 
Tenn., and is an instructor in min- 
ing geology. 


W. H. PORTER 


William H. Porter is a metallurgical 
engineer for American Chemet Corp., 
Montana. Formerly a metallurgist 
with American Smelting and Refin- 
ing Co., Garfield, Utah, he recently 
received an M.S. in metallurgical 
engineering at the University of 
Utah. 


Eugene F. Klein, formerly salesman 
specialty products for the Colorado 
Fuel & Iron Corp., Denver, has been 
promoted to assistant district sales 
manager for the company. 


Richard J. J. Lampson is now min- 
ing engineer for the Grandview 
Mine of the American Zinc, Lead 
and Smelting Co., Metaline Falls, 
Wash. 


Elliot J. Brebner, previously a min- 
ing engineer for the St. Joseph Lead 
Co., Bonne Terre, Mo., is now a 
graduate student at the Columbia 
School of Mines, New York. 


Richard L. Ash has been promoted 
to technical representative for the 
Joplin District, Atlas Powder Co., 
Joplin, Mo. 


é 


A. M. SHORT 


Allan M. Short, is now engaged in 
private consulting in Golden, Colo. 
He was formerly economic geologist 
for the Directorate of Petroleum & 
Mineral Affairs of the Saudi Ara- 
bian Government. 


Walter H. Hood has become general 
manager of the Canadian Flint and 
Spar Dept., International Minerals 
& Chemical Corp. (Canada) Ltd. He 
replaces N. B. Davis who has retired 
but continues as consultant to the 
company. Mr. Hood was connected 
with Nordberg Mfg. Co. 


Lucien Eaton, Jr., is an engineer 
at Allis-Chalmers Mfg. Co., Milwau- 
kee. He had been project engineer 
for Kennecott Copper Corp. in 
Arizona. 


OBITUARIES 


Will M. Traver (Member 1947) su- 
pervising mining engineer, execu- 
tive officer for the U. S. Bureau of 
Mines in Denver, died on Mar. 5, 
1957. Mr. Traver was born in Nam- 
pa, Idaho, on June 1, 1894, and re- 
ceived his E.M. degree at the Colo- 
rado School of Mines, Golden, Colo. 


Lincoln Johnson (Member 1921) re- 
tired head of the international bank- 
ing dept. of the Manufacturers Trust 
Co., in New York, died Sept. 4, 1957 
in Tucson, Ariz. Mr. Johnson was 
born in Waltham, Mass. on Aug. 2, 
1893. He was a graduate of Worces- 
ter Academy and received his engi- 
neering degree from Yale Universi- 
ty. Mr. Johnson had headed the 
banking dept. for 23 years prior to 
his retirement in 1953. 


A. B. Emery (Legion of Honor Mem- 
ber 1902) passed away at Salisbury, 
Southern Rhodesia on July 26, 1957. 
Mr. Emery was born May 7, 1875 at 
Kansas City, Mo., and studied at 
Phillip’s Academy, Andover and the 
Lawrence Science School of Harvard 
University. He had been associated 
with the Messina Transvaal Develop- 
ment Co., Transvaal, S. Africa. 
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Appraisals 
Professional Services Driling 


Management 
Construction Metallurgical 
‘ Space limited to AIME members or to companies that have at 
Consulting least one member on their staffs. One inch, $40 per year; Reports 
Drilling ; half inch, $25 payable in advance. Valuations 


SIDNEY S. ALDERMAN, JR. HOWARD M. FOW 
ie Consulting Ground-Water Engineer 
Salt Lake City 11, U Rogers Bldg. + B. 
EL pin 9-0976 = Telephone Tatiow 0729 as Stuttgart, Arkansas 


Scintillometer equipped 


P. KEEGEL 


JAMES A. BARR FRANCIS H. FREDERICK Mining and Metallurgical + 
Consulting Engineer Consulting Mining Geologist Administration 
Mt. Pl 690 Market Street Specializing in 
P 1 Son Francisco 4, California Consultation in Latin America 
aol Telephone: Sutter 1-1562 1721 Soe. 14th St., Las Vegas, Nevada ‘- 
Telephone DUdiey 4-6981 
FREDERICK W. HANSON 
BEHRE DOLBEAR & COMPANY Mining Engineer KELLOGG EXPLORATION COMPANY 
Consulting Bining Engineers Registered Professional Engineer a ists-Geophysicists 
logists ir oun urveys and inte to 
11 Broadway New York 4, N. ¥. Opera = 3401 No. Marengo, Altadena, Calif. 
32 So. 13th E., Salt pre City 2, Utah Sycamore 4-1973 


PHILIP B. BROWN 
: Po CARLTON D. HULIN KELLOGG KREBS 
Mine Sampling & "Economic Mining Geology Mineral Dressing Consultant 
ve de | ral, Chih. henteo e 7 Ardilla Road Crinda, California 564 Market St., San Francisce 4, Calif. 


GUY E. INGERSOLL 


BLANDFORD C. BURGESS istered Enginow KIRK & COWIN 
Registered Professional Engineer exas, Arizona a lew Mex Consulting Approisais + Reports 
Mining Mine Examinations and Geological 1- i8th Street SW, 
Monticel:o, Georgia 5505 Timberwolf Drive EI Paso, Texas Birmingham, Ala. Phone 56-5566 


IRVING G. IRVING 


Consulting Mining Geologist Dou 
2 & INC. Mine Exemiaction and Valuation Chemis 
Mining ee ¢ bg ontractors Counsel in Development & Exploration SHIPPERS REPRESENTATIVES 
Shaft & Slope inking + Mine Development Geological Investigations 
Mine Plant Construction 507 Silver Bow Block, Butte, Mont. 4 . 
1-18th Street SW, ses Phone 2-3445 359 Alfred Ave. Teaneck, New Jersey 
Birmingham, Ala. Phone 56-5 
Cc. PHILIP = | HARRY E. LE GRAND 
Consuiti logist Consulting Ground-Water Geologist 
D. H. ELLIOTT Water Supplies—Mine Drainage 
Investigations—Reports 
MINING PHOTOGEOLOGIST Victor 4-9413 P.O. Box 10602 Raleigh, N. C. i 
P. O. Box 1007 Casper, Wyoming — x a 
; PHILIP L. JONES Continued 
‘onsultant 
DAVID Consultan EVANS Mineral Economics & Mineral Dressing on 
Mining Geo Petroleum Geology as aaa Media Specialist | 
314 Brown B Wichita, Konsas 
Tel.: AMherst 2-8954 or MUrray 53-6437 Tel. MAytair $-7161 Page 1402 


service, but does not desire as members — Junior Members 
sons who are unqualified. Institute members Wendell Lee Bunnell, Cedar City, Utah 
are urged to review this list as soon cs pos- Robert R. Guilinger, Craig, Colo. 

sible and immediately to inform the Secre- David L. Hodgson, Calera, Ala. 
I Roger Murray, Jr., Hometown, Pa. 
who bership to be unqualified for AIME Paul F. Patchick, Santa Monica, Calif. 


oe , H. R. W. Wilde, La Paz, Bolivia 
} Date Date of 
Elected Name Death 
b 1956 Kenneth N. Baker Oct. 16, 1957 Members CHANGE OF STATUS 
onn esiey raden nknown t rown ittsbu 
1941 Erle P. Halliburton Oct. 13, 1957 John E. Caffrey, Gary, W com 
1916 H. J. Rahilly July 25, 1957 Perry W. Cole, Benham, 
1950 Verne H. Schnee Sept. 22, 1957 Thomas E. Cook, ag Ohio 
1942 John W. Thompson Sept. 22, 1957 Basil Dorn, La Paz, Bolivia ’ 
1918 Paul D. Merica Oct. 20, 1957 Ollie E. Harris, Jr., Jenkins, Ky. REINSTATEMENTS : 
Honorary Member John H. Henderson, Jr., Grand Junction, Colo. Seusbess 
Gregory E. Klosterman, Desloge, Mo. 
H. G. Kristjanson, Santiago De Cuba, Cuba Robert Bruce Miller, Anaconda, Mont. 
John W. Lowe, El Paso, Texas W. H. Sarrels, Mexico City, Mexico 


Joseph D. McClung, Morgantown, W. Va. 
William Blair Meldrum, Leadvilie, Colo. 
W. Neubauer, Kift, Upper Egypt 


Leonard Pearson, Stamford, Conn. 


REINSTATEMENT—CHANGE OF STATUS 


Calif. Junior to Member 
ed for Memb e Oss msey, 
Society of Mining Engineers of AIME Gilbert G. Schneider, Pittsburgh William C. Hayes, Jr., Rolla, Mo. 
— S. Skarbek, Tucson, Ariz. 
Total AIME membership on Oct. 31, 1957, H. Swann, Dishman, Wash. 
was 28,492; in addition 3,343 Student Mem- Sena A. Tudor, Bridgeport, W. Va. Student te Memb 
bers were enrolled. William F. White, Walnut Creek, Calif. Richard C. Annear, Ishpeming, Mich. 
Robert Grogan, Chairman; Frank Ayer, , 
ham, F. A. McGonigle, McQuiston, Jr., . G. Austin, mo, Nev. 
G. R. Spindler, L. P. Warriner. Grey Bogden, Salt Lake City Student te Junior - ‘ 
The Institute desires to extend its Moffat, Salt Lake City C. Sheldon Thompson, Salt Lake City : 
leges to every person to whom it can of Paul S Pesel, Salt Lake City John D. Ward, Elisworth, Pa. ‘ 
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Appraisals 
Assayers 
Chemists 
Construction 
Consulting 
Designing 


Professional Services 
Continued from Page 1401 


R. L. LOOFBOUROW Min. Engr. 
Site Appraisals — Plans — Estimates 
and supervision of 


4032 Queen Ave. So. Minneapolis 10 


Underground Construction — Moa 
inn 


H. THURMAN 
FLOYD BLANCHARD 
Consulting E 
ucket Line Placer Dredges 
625 Market St.” San Francisco 5, Calif. 


Geophysicists 
Drilling 

t 
Metallurgical 
Reports 


Valuations 


WILSON T. LUNDY 
Consulting Mining Engineer 
161 East 42 Street New vee 17, N.Y. 
Tel: MU 7-8100 


LEO TIMMINS, P. Eng. 
NING ENGIN NEER 


Phone Glenview 2376 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 


Mineral 
Cores Guaranteed 


JOSEPH T. MATSON 
CONSULTING MINING ENGINEER 
Examinations—Appraisals 


P.O. Box 170 Santa Fe, New Mexico 


6526 Holiday Drive Phone 
Boise, Idaho 4-1925 
WARREN R. WAGNER 


G 
Serving the Chemical 
and Construction industries 


CLAYTON T. MeNEIL, E. M. 
Consul Mining Engineer 
822 Bank of Amer.ca Bldg. 
Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


A. SSER & ASS 5, INC. 
Consulting Mining Engineers @ Con- 
tract Diamond Core Drilling @ Con- 
tract Drilling & Blasting Mineral 
Surveying & Mapping @ Mineral Ex- 

nd & Wainut Sts. 
Hilisbore, Phone 4441 


GODFREY B. WALKER 
Metallurgical Consultant 
Mineral Dressing & Extractive 
Metallurgy 
Heavy Media a Specialty 
27 Lockwood Drive Old Greenwich, Conn. 


CENTENNIAL DEVELOPMENT CO. 
Consu Mining Engineers 
Contractors 
Shaft Sinking — Tunnel Driving 
Mine Development 
Eureka, Utah Phone 560 


©. W. WALVOORD CO. 
Mill-Design and Construction 
401 High St. Denver 3, Cele. 


EAKLAND & OSTERSTOCK 
Consulting Mining Geologists 
700 Newhouse Bldg. 
10 Exchange Place Salt Lake City, Utah 
EL 9-6185 


ARNOLD H. MILLER 
Consulting Engineer 
Mine, Mill and Industrial 
Cable: “ Tel. Cortlandt 7-0635 
120 New York 5, N. 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 


2233 Grape St. Denver 7, Colorade 


MINERAL DRILLING SERVICE 
Mineral Valuations & Surveys 
e Drilli 
Box 4134 Chattanooga %, Tennessee 


CLYDE H. WILSON 
MINING ENGINEER AND GEOLOGIST 
istered Professional Engineer 


GEOLOGICAL & GEOPHYSICAL SURVEYS 


Water 
366 South Fifth East, Sait Lake City 2, Utah 


EAVENSON, AUCHMUTY & 
GREENWALD 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Koppers Bldg. Pittsburgh 19, Pa. 


O'DONNELL & SCHMIDT 
Mining Consultants 
165 Broadwa Tel. BArclay 7-6960 
New York 6, N.Y. Cables: EXAMIMINES 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone MAIN 1-1431 

705 Chestnut St. 8 


HARRY J. WOLF 
Mining and Consulting Engineer 
One Fark Fines, New York 
One Park Place, New York 7, 
Cable: MINEWOLF Tel. Rector 2 


FAIRCHILD AERIAL SURVEYS, INC. 


Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography, and ——— Mosaics 
for Mining Explor 


224 E. 11th St. 30 Rockefeller Plaza 
Los Angeles New York 


Ship Representa’ 
PITKIN BLDG. 47 FULTON ST., cw YORK 
Cable Address: Niktt 


NEWELL G. ALFORD 
Consulting Mining Engineer 


THERON G. GEROW 


MINING CONSULTANT AND 
ENGINEER 
111 North Wabash Avenue 
Chicago 2, Illinois 


WILLIAM J. SHEDWICK, JR. 
Mine and Geologic Reports 
Mexico and Latin America 
New Jersey License 2744-a 

P. De La Reforma 20-304 Mexico 1, D.F. 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Coal and Salt Industries as C 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
332 S. MICHIGAN AVE., CHICAGO 


120 WALL ST., NEW YORK CITY 


M. 
Mining Engineer 
Mine Examinations 
Ventilation Surveys 
Munsey Building Washington 4, D.C. 


GERAGHTY, MILLER & HICKOK 
Consulting Ground-Water Geologists 
Evaluation of Ground-Water 
Recommendations for the Sol: of 

Ground-Water Problems 
110 East 42nd St. New York 17, N. Y. 


ing ng 
Sanford Day Road 
Concord, Tennessee 


Offices 
Vermont Ave. A. Johnson Bidg. 
a c. Denver, Colo 
Alpine 5-4878 


GRAFF ENGINEERING 
COMPANY 
Mining Engineers and Surveyors 
39 E. Campbell St. Blairsville, Pa. 
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Contractors 
; Examinations - Reports Testing 
Financing of Prospects 
Suite 700 1980 Sherbrooke, Montreal 
Coal Property Prospecting, 
LUCIUS PITKIN, INC. 
Mineralogists - ond | 
BALL ASSOCIATES 
Ball Wendell W. Ferti | 
R. H. Fulton Alon M. i 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacremento Street 
SAN FRANCISCO 


Geologist 

Wocer 
SS @ Electrical Logging 
@ Repo @ Drai Surveys 
Geochemical @ Water ly 


Complete Physical-Chemical 
Focilities 
EL CENTRO, CALIFORNIA 


WARREN L. HOWES 
Consultant 


& Metallurgical Plants 
neste ign, construction, operations 
Project Management 
Estimates—Appraisals 
1305 Hillview Dr., Menlo Park, Calif. 
Tel. DAvenport 5-7752 


JACOBS ASSOCIATES 
Consulting Construction Engineers 
Specialists in tunnel and shaft work 
— Estimates — Methods Analyses — 
Engineering Geology — Designers of 
hoisting, haulage, materials handling 
and reduction plants. 


503 Market Street, San Francisco 5, Calif. 


DIAMOND CORE DRILLING 
BY CONTRACT 
and werld’s largest manufacturer 
Core and grout hole drilling in coal, 


metal, and non-metallic deposits, both 
surface and underground. 


JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indiana 


KNOWLES ASSOCIATES 
Chemical - Metallurgical - Mechanicai 
ENGINEERS 
URANIUM ORE PROCESSING 
ECONOMIC STUDIES - MILL DESIGN 
19 RECTOR ST. NEW YORK (6) N. Y. 


/ 


ROBERT S. MAYO 
Civil Engineer Lancaster, Pa. 


DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manufacturers of Diamond Bits and 
Drilling Accessories 


M,. G. 
Mining 
Registered essional 
Examinations, Geological Surveys 
& Development 


326323 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems 
Crushing Plants 
Materials Handling 
Processing Plants 


308 W. Washingten St. Chicage 6, Il. 


JOHN D. MORGAN, JR., E. M., PH. D. 
Consultant 


Business and Defense Problems 
in Metals, Minerals, and Fuels 


724 14th St., N.W., Washington 5, D.C. 
ME 8-1681 


J. B. MORROW 


COAL CONSULTANT 
Oliver Bidg. Pittsburgh, Pa. 


DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Va. 


STILL & STILL 
Consulting Mining Engineers and 
Geologists 
24 Union Block — Phone 658 


P.O. Box 1512 
Prescott, Arizona 


H. L. TALBOT 
Consulting Metallurgical Engineer 
Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Washington Street 
Boston 8, Mass. 


CONRAD WARD THOMAS 
Mining Consulting — U. S. and Foreign 
EXAMINATION VALUATION 
EXPLORATION 
DIVERSIFICATION FINANCING 
Bank of the Southwest Building 

Texas 
"Cable *“GEOCONS” 


Houston, 
CApitol 7-5855 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 
Water Supply Salt Water Problems 


Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


E. J. LONGYEAR COMPANY 
Geology and Mining Consultants 
Photogeology 

76 South 8th St...... Minneapolis 2, Minn. 
Graybar Bldg. New York 17, N. Y. 
Colorado Bldg. Denver 2, Colo. 
Shoreham Bldg. Washington 5, D. C. 
Canadian Longyear Ltd. 

77 York St., Toronto 
Longyear et Cie ....... Paris, France 
Longyear N.V.............. The Hague, Holland 


Frank M. Murphy & Associates, ine. 
DESIGN & CONSTRUCTION 
ENGINEERS 
Seecialning in Material Handling ting 


Wesley M. - John Yost 
Box 271 Flo. 


PENNSYLVANIA DRILLING 
COMPANY 
PITTSBURGH 20, PA. 


DRILLING CONTRACTORS and 
MANUFACTURERS 


“FC TrORKELSON CO. 


EN SIn ce rR 
Industrial Plant Design 


rocess Developmen? Estimates 
Economic Studies fant Layou 


146 Sovth West Temple 
T 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 
Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


MAC AFEE and COMPANY 


Consulting 


FOR EXACT QUANTITATIVE FLOWSHEET DATA 
DUnkirk 8 9674 . AACAFEE 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
$08 Bld 38-5373 
Salt Lak e City 4, 


SHENON AND FULL 
Consulti Mini 

1351 South 2800 

Sait Lake City 8, Utah 


HUnter 4-7251 
Philip J. Shenon Roy P. Full 


J. W. WooMeEr & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bldg., Pittsburgh, Pa. 


WORLD MINING CONSULTANTS, 
INC. 


Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 38, N. Y. 
Worth 2-2934 
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Tunnels, Haulageways and Shafts. Manitebs 
| 
Construction. 
| 
[ We prospect coal and mineral land 
anywhere in North and South America. 
: Core borings for foundation testing; 
— || 


tion, Christmas Party, Engineers’ 
Club, San Francisco. 


Dec. 12, AIME Utah Section, The 
Engineering Aspects of American 
Gilsonite Developments by Roy E. 
Nelson; Salt Lake City. 


Dec. 13, AIME St. Louis Section, 
ladies night; speaker: W. D. Ship- 
ton; subject: Gems; Hotel York, 
St. Louis. 


Jan. 8, 1958, AIME San Francisco 
Section, speaker: W. T. Griswold; 
subject: Pima; Engineers’ Club, 
San Francisco. 


Jan. 10, AIME St. Louis Section, 
joint meeting with AIChE St. 
Louis section; speaker: N. E. 
Berry; subject: New Develop- 
ments in Uranium Processing; Ho- 
tel York, St. Louis. 


Jan. 13, AIME Minnesota Section, 
annual meeting, Hotel Duluth, 
Duluth. 


Jan. 14, 15, 19th Annual Mining En- 
gineering Symposium, sponsored 
by University of Minnesota, in 
conjunction with AIME Minnesota 
Section, Hotel Duluth, Duluth. 


Jan. 16, AIME Utah Section, panel 
discussion: Industrial Engineering 
Practices in the Mineral Indus- 
tries; moderator—I. K. Hearn; Salt 
Lake City. 


Feb. 16-20, AIME Annual Meet- 
ing, Hotels Statler and Sheraton- 
McAlpin, New York. 


Mar. 27-29, AIME Pacific Southwest 
Conference, St. Francis Hotel, 
San Francisco. 


Apr. 17-19, AIME Pacific Northwest 
Regional Conference, Spokane. 


Apr. 25, AIME Pennsylvania-Anthra- 
cite Section, spring technical meet- 
ing, Hazelton, Pa. 


May 24, AIME Colorado MBD Sub- 
section, Broadmoor Hotel, Colo- 
rado Springs, Colo. 


June 26, AIME Pennsylvania-An- 
thracite Section, summer meeting, 
Split Rock Lodge, White Haven, 
Pa. 


Sept. 10-12, AIME Rocky Mountain 
Minerals Conference, Newhouse 
Hotel, Salt Lake City. 


Oct. 23-25, AIME Mid-America 
Minerals Conference, St. Louis. 


Oct. 29-Nov. 1, Society of Explora- 
tion Geophysicists, annual meet- 
ing, Roosevelt Hotel, New Orleans. 


ABCs Scale Diy. =n 
McDowell Co. 
Edward See & Co. 


Allis-Chaimers Mfg. Co. 


Construction Machinery Div. 
Bert S. Gittins Adv., Inc. 


Allis-Chalmers Mfg. Co. 
industrial Equipment Div. 
Compton Adv. Inc. 
American Brattice Cloth Corp. 

Tri-State Adv. Co., Inc. 


American Cyanamid Co. - a 
James J. McMahon, Inc. 


American Manganese Steel Div. 
American Brake Shoe Co. 1312D 

Fuller & Smith & Ross, Inc. 

American Steel Foundries _ 
Erwin, Wasey, Ruthrauf ry Ryan ‘Ine. 

Anaconda Co., The 
Kenyon & Eckhardt, Inc. 

Armour & Co. 
Foote, Cone & ‘Belding — 


Products Corp. 
homson Adv., Inc. 


Atte, Copco (Sweden) 
Intam Limit 


Co. 
lark & Bobertz, Inc. 
Form Co 
Forristall & Brown 


damson & Assoc. 


13125, 1312¢ 


Brunner & Lay Inc 
Norman P. Adv. 
Co. 
Bert S. Gittins Adv. 


Caterpillar 
N. W. Ayer & Son, Inc. 


Chain Belt Co. _ © e 
The Buchen Co. 


Colorado Fuel & Iron Co 
Doyle, Kitchen & 


Iron Works Co. 
‘alter L. Schump, Adv. 


Dart Co. 
Carl Lawson Adv. 


Louis Wade, Inc. 

Denver Co. 
Galen E. Broyles Co., Inc. 


Corp. 
he Stockinger Co. 


Dorr-Oliver Inc. 
Sutherland-Abbott Adv. 


1294, 1316, 1320 


cCormick, Inc. 


Third Cover 


Dow Corning Corp. 
Church and Guisewite Adv. Inc. 


Eimco Corp., The 
Matsie Cc. 


Equipment Engineers, Inc. 
Norton Jacobs Adv. 


Kreick eloan, 


Galigher 
& Assoc. 


Co. 
The Buchen Co. 


Hanks Inc., Abbot A. 


Hardi Co, | Inc. 
Asame Associates, Inc. 


Harnischfeger Corp. 
Fuller & Smith & Ross, Inc. 


Hercules Powder Co. (Explosives) 
Fuller & Smith & Ross, Inc. 


‘uller & Smith & Ross Inc. 


Hewitt 
Hough Co., The Frank G. 
Ervin R. Abramson Adv. 


Humphreys Investment Co. 0 
Ed M. Hunter & Co. 


Ingersoll-Rand Co. _ ... 1306 
Beaumont, Heller & Sperling, ‘Inc. 
Marsteller, Rickard, Gebhardt & Reed Inc. 


International Nickel Co., Inc. dine 
Marschalk & Pratt 


iting, Mfg. Co. 
riswold-Eshleman Co. 
Joy 
. Walker Adv. Inc. 
Inc. 
etchum, MacLeod & Grove, Inc. 
Kennedy-Van Saun Mfg. & Engrg. Corp. 1308, 1309 
Rea, Fuller & Co., Inc. 
Le Roi Division 
Westinghouse Air Co. 
Hoffman & York, Inc. 
LeTourneau-Westinghouse Co. _ 
Andrews Agency, Inc. 
Longyear Co., E. J. 
Savage-Lewis, ‘Inc. 
Mace Co. 
Mayo Tunnel & Mine Equipment _ 
The Godfrey Agency 
Metal Cosbides Corp. 
Meek and Thomas, Inc. 
Michigan Chemical Corp. 
esley Aves & Associates 
Mine Su upply Co. 
lter L. Schump, Adv. 
Mine a Appiiances Co. Fourth Cover 
Ketchum, MacLeod & Grove, Inc. 


le Pumps, Inc. 
wins Tri-State Adv. Co., Inc. 


National Malleable and Castings Co. 
Palm & Patterson, Inc. 


Naylor Pi 
Fred H. Ebersold, Inc. 


Russell T. Gray, Inc. 


Northern Blower Co. 
Carr Liggett Adv., Inc. 
Wes Works, Inc. 
Charles S. ‘0. 


Saverman Bros. Inc. 
Symonds, MacKenzie & Co. 


Sharples Corp. _. 
mer Advertisers 


Sheffield Div. 
ARMCO Steel Corp. 
Potts - rn Inc. 


said & F. 
Go. 


Chemical Co. 
Bruce B. Brewer & Co. 


Ss & Henwood, Inc. 
Adv. 


Stearns-Roger Mfg. Co. 
ms-Roger Mig. 


Agency, Inc. 


Surface Combustion Corp. 
Pelletizing Div. 
Odiorne Industrial Adv. Inc. 
Syntron Company - 
Servad, Inc. 
Texas Gulf Sulphur Co. 
Sanger-Funnell, Inc. 


Thor Power Tool Co. 
Roche, Williams & Cleary, Inc. 


Traylor Engrg. & Mfg. Co. 
Ritter. Inc. 


Tyler Co., W. S. 


ineering C 
Engineering Cop. 


Vulcan Iron Works 
Mosher-Reimer-Williamson Adv. 
Agency Inc. 


Western Knapp Engineering Co. _.1312, 1390, i 
Division of Western Machinery Co. 
Boland Associates 


Western 
Boland Associates 


Weed Trueing Tool Co. 
lark & Bobertz, Inc. 


Witty 
Ed M. Hunter & Co. 


Wilkinson Rubber Linatex, Ltd. 
Greenlys Ltd. 


* Previous Issues 


1404—MINING ENGINEERING, DECEMBER 1957 


ofing Events Advertisers Index 
x 1304 
1398 
ssoc. 
1296 
4 1318 
1315 
1399 


Simply turni New compact drive design requires less 
accessible Tees headroom, makes installation easier. Use 
wheel adjusts length °F steel frome reduces weight, increases 
of stroke while pump _—*trength. 

is operating. 


DENVER 


Adjustable Stroke 
DIAPH RAGM 
PUMP 


SIZES TO 
10” DUPLEX» 


Standard speed boll bear- 
ing motor with V-belt 
drive. 


Anti-friction bearings 
throughout means power 
is used for pumping in- 
stead of overcoming fric- 
tion—cuts horsepower re- 


quirements. 


Oil immersed worm 
reduction units. 


Pump con be 
supplied with 


Stroke can be | 
adjusted While 
Pump is Operating 


removed from 
either front or 
back. 

L 
Bayonet valves 


supplied. Ball 
valves optional. 


Improved Design... 
Boosts Capacity 
over 50% 


Cuts Horsepower Requirements 


Pressure grease lubri- 
cation. 


Here’s an improved, low cost diaphragm pump that gives you 
these important benefits: increased capacity, lower power 
requirements, ease of installation, longer part life and an 
improved handwheel adjustment that changes length of 


stroke, alters pulp flow while pump is operating. 


ed design mokes possible a 


@ This new, improv 


Wherever you need a pump to regulate the flow of pulp— stroke and up to 75% higher capacity. Improved de 
also increases life of diaphragm. 
. for pumping filtrates, metering flotation feed or regulating © Molded rim evenly distributes tension to entire circum- 
thickener underflow — compare specifications FIRST—and you @ Diaphragm is clamped in place so there are no holes 


te weaken diaphragm. 


will a DENVER Adjustable Stroke Diaphragm pump is © Molded rim moons | Only 6 
your BEST VALUE. pump. 
For full details write for with artes sae | hes © trve 


Bulletin No. P8-B11 operating life. 


“The firm that makes tts jriends happier, healthier and wealthier” 


DENVER SQUIPMIENT CO. 


1400 Seventeenth St. « Denver 17, Colorado 
DENVER © NEW YORK © VANCOUVER ® TORONTO 
MEXICO, D.F. © LONDON © JOHANNESBURG 
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Mechanization returns greater dividends with 
Edison R-4 Cap Lamps on the job 


Edison R-4 Electric Cap Lamps can help modern 
mining machines realize their full potential. 

Reason why? Because more and better light is 
always on the job with the brilliant, unfailing 
beam of the Edison R-4. This dependable source 
of illumination permits the miner to perform his 
duties with utmost efficiency and safety. You don’t 
have long to wait for results with the Edison R-4, 
either. They register quickly in terms of accident 
prevention and increased tonnage per man-shift. 

Let us demonstrate the advantages of this quality 
cap lamp in your underground operation. Write 
or call us soon for more detailed information. 


SAFETY EQUIPMENT HEADQUARTERS 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pa. 
At Your Service; 76 Branch Offices in the United States 
MINE SAFETY APPLIANCES 0. OF CANADA, LIMITED 
Toronto, Montreal, Calgary, E g, Vancouver, Sydney, N.S. 


Representatives in Principal Cities in Mexico, ‘Contval and South America 
Cable Address: “MINSAF”’ Pittsburgh 


] 

| 
a 

& 

q 

; 

| 

ry 

; 


